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PREFACE 



TO 



THE FOURTH EDITION 



TThe most important alteration in the present Edition is the 
introduction of the formulas representing the various chemical 
compounds described in the Notes to the Tables. The for- 
mulae are those now generally employed by chemical writers 
and teachers in this country. 

The verbal description of the composition in the Tables of 
Common Compounds of the several metals has not been 
altered so as to bring it into perfect harmony with the 
formulae, since the description there given generally informs 
the learner what substances can be obtained by the decom- 
position of the Common Compounds, which is not so easily 
to be ascertained by an inspection of the formulae. 

For example, the composition of saltpetre is described at 
page 69, as Potash (Potassiimi and Oxygen) and Nitric 
Acid, whilst the formula KNO^ does not indicate the presence 
of potash (KgO) or of nitric acid (HNO3) » ^^* ^^ these 
substances are obtainable from saltpetre by very simple 
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chemical operations, and saltpetre may be produced by 
causing them to act upon each other. 

It is true that similar reasoning would justify the state- 
ment that common salt contained soda and hydrochloric acid 
instead of sodium and chlorine, but the Author feels that an 
ondeavoiu: to be absolutely consistent would injure the 
practical usefulness of so small a book. 

Majf, 1879. 
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Tffls work is intended for use in the Chemical Laboratory 
by those who are commencing the study of Practical 
Ohemistry. It contains — 

(1) A series of simple Tables for the analysis of unknown 
substances of all kinds (not excepting organic bodies) 
which are known to be single substances, and not 
mixtures : 

(2) A brief description of all the practically important 
single substances likely to be met with in ordinary 
analysis, by which the learner may satisfy himself 
that his results are correct, and may at the same time 
become acquainted with the leading properties of the 
most important chemicals, and with the foreign sub- 
stances which they are liable to contain : 

{3) Simple directions and illustrations relating to Che- 
mical Manipulation, not collected into a separate 
chapter, but given just where the learner requires 
them in the course of analysis ; 
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(4) A system of Tables for the detection of unknown 
substances with the aid of the Blowpipe : 

(5) Short instructions upon the purchase and preparation 
of the tests, intended for those who have not access to 
a Laboratory. 

The book does not presuppose any knowledge of Che- 
mistry on the part of the pupil, and does not enter into any 
theoretical speculations. 

It dispenses with the use of all costly Apparatus and 
Chemicals, and is divided into separate Exercises or Lessons, 
with Examples for Practice, to facilitate the instruction of 
large Classes. 

The Author hopes that it will be found to contain all the 
Practical Chemistry required for the various Examinations, 
except for the highest Science degrees, such as the B.Sc. 
and D.Sc. of the University of London. 

The method of instruction here followed has been adopted 
by the Author after twenty-three years' experience as a 
teacher in the Laboratory, by which he has been led to 
conclude that a knowledge of Analytical Chemistry, or the 
power of discovering the nature of unknown substances, is 
the first and often the only requirement of the great majority 
of learners, and that, independently of the technical value of 
such knowledge, its acquisition forms a most valuable part of 
education, by cultivating the powers of observation, and 
affording excellent examples of the application of logical 
reasoning in practical work. 

The ordinary method of teaching Analytical Chemistry, by 
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<»iusing the pupil to study the Reactions or tests for all the 
metals and non-metallic bodies, before he proceeds to exa- 
mine an imknown substance, does, without doubt, lay the 
best foundation for a thorough knowledge of this branch of 
Science, when a student has time at his command, and can 
commit to memory a large number of independent facts 
which receive no immediate application. But, within the 
Author^ s experience, many students become wearied with 
the monotonous routine of this system, and are prevented 
from persevering in the study. 

Moreover, such a system, although teaching the student 
to discover, for example, that a given salt contains potassium 
and nitric acid, fidls often to instruct him that these consti- 
tute saltpetre, and does not acquaint him with the appear- 
ance and other properties of saltpetre, by observing which 
he may be sure that his analysis is correct. For want 6f 
such an acquaintance with the properties of the common 
salts, a student well skilled in the mere detection of bases 
and acids will sometimes fall into the most absurd mistakes 
as to the nature of a substance under examination. 

Those students who can afford the time are strongly 
recontmenSed to perform every experiment described in the 
book, with the known substances, before attempting the 
examination of an unknown substance. 

i<j>n/, 1809. 



*^* A List of the Apparatizs and Chemicals required for 
the Cowrse will he found at pp. 216-231. 
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INTRODUCTION. 



The instructions given in this work are intended to enable 
the student to discover the nature of most of the chemical 
compounds in common use. 

When nothing is known about the substance, its examina- 
tion must be commenced according to Exercise XIIL (para> 
graph 237) if it be a solid, or XIV. (paragraph 238) if it be 
a liquid. 

But it is better for beginners to confine their attention 
to ordinary inorganic salts, which may be commenced by 
Table A. For the first few lessons, the detection of the 
metal, by Tables A to F, will suffice. 

Having detected the metal, the student should turn to the 
description of that metal and its common compounds, and 
endeavour to name the unknown body under examination. 

When he is well versed in the detection of the metal, he 
may proceed to discover the non-metallic body or acid 
which composes the other portion of the compound. 

In many cases, where a substance has a peculiar colour or 
smell, a reference to that colour or smell in the Index may 
lead to its identification. 

B 



2 IKTRODUCnON. 

The learner will find it advantageous to studj the list of 
the principal tests, commencing with paragraph 308, since 
he will there find the formulae expressing their composition, 
and a list of the substances, the presence of which is indicated 
with certainty by the action of any particular test. 

The numerals enclosed in parentheses in each Table refer 
to paragraphs in the text, and it will be found absolutely 
necessary to refer to these in order to render the Tables 
serviceable. 

A rough note-book should be provided, in which every 
step of the analysis should be entered, the symbols being 
employed for the tests, both to avoid much writing and to 
fix their composition in the memory. 

A Report of an Analysis is appended as a model. 
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TABLE OF ATOMIC WEIGHTS. 



Tho iiubjoined Table indicates the relative weights of the 
Rlomcntary Bodies represented hj the sjmbols composing 
the formuln given in this work. 



Aluminium . 


. . Al 


27-6 


Lead . . . 


. . Pb 


207 


Antimony . 


. . 8b 


122 


Magnesium . 


. . Mg 


24-3 


Amf.Mo . . 


. . As 


76 


Manganese 


. . Mn 


66 


Biirium . . 


. . I^ 


187 


Mercury 


. . Hg 


200 


JMimutk . . 


. . Bi 


210 


Nickel . . 


. . Ni 


59 


Boron . . 


. . B 


109 


Nitrogen . 


. . N 


14 


Bromino . . 


. . Br 


80 


Oxygen . . 


. . 


16 


CAlcium . . 


. . Ca 


40 


Phosphorus 


. P 


31 


(/ArUin . . 


. . C 


12 


Platinnm . 


. . Pt 


1971 


Chlorine . . 


. . CI 


855 


Potassium . 


. . K 


391 


Cliromium . 


. . Cr 


52-6 


Silicon . . 


. . Si 


28 


Cobalt . . 


. . Co 


59 


Silver . . , 


. Ag 


108 


(/Oppor . . 


. . Cn 


63-5 


Sodium . . 


. Na 


23 


Fluorine . . 


. . F 


19 


Strontium . . 


. Sr 


87-5 


Gold . . . 


. . Au 


196*6 


Sulphur . . 


. S 


32 


Hydrogen . 


. . H 


1 


Tin . . . 


. Sn 


118 


Iodine . . 


. . I 


127 


Tungsten . . 


. W 


184 


Iron . . . 


. . Fe 


56 


Zinc . . . 


. Zn 


66 



TABLE A. 
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SOLOnON, BOILINO. 



3. To diuolve the m^itance for analyiu, place abont five 
grains of the powdered substaDce (as much as can be tuken 
easily on the end of the large blade of a pocket-knife) in a 




T«it-ti)b«. Tnbg sl*uM. 

test tube (fig. 1), pour upon it about two drachma (two t 
spoonfuls) of distilled vater, shake them together, and if neces- 
sary, boil the water o 
flame of a spirit-lamp (fig. 2) 
or a gaa-bnmei' ; in the latter < 
case, holding the tube a little 
above the fiame, so as n 
smoke it (6g8. 3 and 4). The 
tube may be held in a band of 
folded paper when it is neces- 
sary to boil for some time. 



Fia.S. 
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SOLUTION. FILTRATION. 



If the sabstance does DOt appear to diminish in quantity, 
it may be set down as undissolved by the water. 




^^^•f^' Should there be any 

doubt, filter the solution 
(4), catch a drop of it 
upon a piece of thin 
window glass, and eva- 
porate it at a gentle heat 
(fig. 5). If no consider- 
able residue of solid 
matter is left, the sub- 
stance may be considered insoluble. 

Shotdd water have failed to dissolve the substance, pour off 
the water so as to leave the powder, if possible, at the bottom 
of the tube ; pour upon it about a drachm of diluted hydro- 
chloric acid, and boil if necessary. 

If the substance be insoluble in hydrochloric acid, boil a 
fresh portion, in another tube, with diluted nitric acid, and 
should this fail to dissolve it, add a few drops of nitric acid 
to the hydrochloric acid previously employed, and again boil. 

Substances which are insoluble in water and acids must be 
examined according to Table I. 

4. To filter a solution. — ^Take a circular piece of white 
filtering (blotting) paper, three or four inches in diameter, 
fold it neatly as in fig. 6, open it so as to form a cone, place it 



Pie. 6. 



Fig. 7. 
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TESTING. EXCESS. 9 

in a funnel, moisten it with distilled water, support the funnel 
in a test tube, as in fig. 7, and pour upon it the solution to be 
filtered. Should the funnel happen to fit air-tight into the 
test-tube, interpose a little piece of wood or paper to leave a 
passage for the air. 

If the first filtration does not clear the liquid, it must be 
poured back through the same filter. 

5. Addition of tests to liquids, — ^As a general rule, tests 
are gently poured, drop by drop, down the side of the test- 
tube (fig. 8) which is 

gently shaken, until ^'*'®* 

either the expected 
eflfect is produced, or 
a reasonable propor- 
tion of the test has 
been added without 
any result. The stop- 
per of the bottle 

should not be laid upon the table, but should be held be- 
tween the second and third fingers of the left hand, as in fig. 8, 
and the label of the bottle should always be upwards. 

Excess, — In cases where the test is to be added in excess^ the 
addition is continued until no further effect is produced by 
adding another portion, and until some conspicuous property 
of the test becomes evident in the liquid to which it is added. 

Thus, Hydrosulphuric Acid is known to be in excess when 
a strong smell of it is perceived at the mouth of the test-tube 
after closing the tube with the thumb, and violently shaking 
it. Since the strongest hydrosulphuric acid only contains 
about three times its volume of sulphuretted hydrogen gas, it 
is necessary to add this test in large quantity, often amount- 
ing to three or four times the volume of the liquid to be 
tested. Again, Ammonia would be known to have been 
added in excess by its powerful odour, but if the liquid tested 
be strongly acid, it is not advisable to close the tube with the 
thumb when shaking it, as the action of ammonia upon 




To make a stirring-rod. — The 



10 niRBDia-itODS. 

■troDglj acid liqoida ia of a violent character. The aolation 
may be mixed hj pouring irom one tube into another. 

0, Precipitation promoted by stirrirtg.—The formation of 
the precipitate of phosphate of ammonia and magneaa ii 
much &cilitated by atir- 
ring the liquid with a 
glass rod, or, still better, 
by rubbing the rod 
against the side of tlie 
tube (fig. 9), the latter 
b«ing held in an inclined 
position, and the rod 
held ihort so that it can- 
not posaibly be thrust through the bottom of the tube. 

IB rod used for thia pur- 
pose should be about six 
inches long, and rounded 
at both ends. To make 
it from one of the long 
canea sold at tliQ 
house, cut off six 
inches by making a deep 
scratch with a three- 
cornered file, and break- 
ing the rod at this point by a 
sharp jerk (fig. 10), Fuse, 
each end in the extreme point 
of the blowpipe flame (fig. 
11) till well rounded. The 
glass must not be introduced 
into the inner part of the 
flame, or it will be perma- 
nently blackened, from the 
separation of lead in the me- 
tallic state. 




IfAQNESIUH AND ITS COMPOUNDS. II 

NOTES TO TABLE A. 

7. The deposition of sulphur from the hjdrosulphuric 
acid may be due to a variety of causes ; for example, to the 
presence of nitrous acid derived from the nitric acid em- 
ployed in dissolving the substance ; to free chlorine ; ferric 
chloride (perchloride of iron) ; stdphurous acid ; chromic add. 

8. Chloride of ammonium is added to prevent the prema- 
ture precipitation of magnesia, and should be added in consi- 
derable quantity. A solution containing a salt of magnesia 
yields, on addition of ammonia, a precipitate of hydrate of 
magnesia, but if chloride of anunonium be previously added, 
no precipitate is formed. 

Should the chloride of ammonium itself produce a preci- 
pitate, before the ammonia is added, it probably consists of 
silica, and the substance under examination is likely to be 
silicate of potash or soda (77, 80). 

8. Should the precipitate produced by phosphate of soda 
heflocculent instead of ^anuZar and crystalline^ it is probably 
not caused by magnesium, but by aluminium or calcium 
which ought to have been detected in column 3 or 4. 

In determining the particular form in which the magnesium 
is present in the substance imder examination, assistance 
will be derived from the following statements. 

Metallic Magnesium^ Mg, is silver- white, burns easily in 

air, with a very brilliant light, and is dissolved, with effer- 
vescence, when boiled with chloride of ammonium. 

Common Compounds of Magnesium. 



Names. 


Composition, 


Calcined magnesia 

Common magnesia, or ) 
Basic carbonate of magnesia ( 

Epsom salts, or ) 
Sulphate of magnesia 

Magnesite, or 
Carbonate of magnesia 


Magnesium, oxygen. 
Magnesia, carbonic acid, water. 

Magnesia, sulphuric acid, water. 
Magnesia, carbonic acid. 



12 EXAMPLES FOR PRACTICE. 

Calcined Magnesia, MgO, is a white earthy powder, in- 
soluble in water, and dissolved by hydrochloric acid, with 
little or no effervescence. 

Basic Carbonate of Magnesia, SMgCO,, MgH^O,, is similar, 
but effervesces rapidly with hydrochloric acid. 

Magnesite, MgCO,, is found in white earthy lumps which 
dissolve, with effervescence, in hydrochloric acid. 

Sulphate of Magnesia, MgSO ^,7 Aq, forms needle-like crys- 
tals, recognised by their bitter taste, easily dissolved by 
water, and copiously precipitated by nitrate or chloride of 
barium. 

lO, Examples for Practice in Table A, — The following 
substances will afford good practice in this Table, especially 
if they are presented to the student as puzzles, distinguished 
only by letters or numbers. 



Sulphate of magnesia 
Sulphate of iron 
Acetate of lead 
Arsenious acid 
Carbonate of lime 
Sulphate of 2dQC 



Corrosive sublimate 
Sulphate of copper 
CaiDonate of magnesia 
Sulphide of antimony 
Metallic tin. 



TABLE B. 
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14 SILVKR AHD ITS COMPOUNM. 

NOTES TO TABLE B. 

12. Confirmatory Testa /or Silver ^ to be applied to the 
original solution. 

Potash produces a brown precipitate of oxide of silver. 

Bichromate qf PoUuh produces a red precipitate of chro- 
mate of silver. 

Chloride of Ammonium produces a white precipitate of 
chloride of silver. 

If the original substance be Metallic Silver, Ag, it will be 
recognised, partly by its external characters, partly by its 
refusing to dissolve in hydrochloric acid, but dissolving easily 
in nitric acid. If greater certainty be desired, it may be 
examined by the blowpipe (264). 

Common Compounds of Silver. 



Names, 


Con^Mmtion, 


Nitrate of riWer, or ) 
Lunar caustic j 

Chloride of silver 


Oxide of silver, nitric acid. 
Silver, chlorine. 



Nitrate of Silver, AgNO,, is sold either in flat, tabular, 
transparent crystals, or in opaque cylindrical sticks made by 
fusing the crystals. It is dissolved very readily by cold 
water, and if filter-paper be moistened with the solution, and 
exposed to light, especially to sun-light, it assumes a black 
metallic appearance. 

Chloride of Silver, AgCl, is insoluble in water and in 
acids, and will therefore not come under consideration at 
present (128). 

13> Confirmatory Tests for Mercury as a mercurous com- 
pound, to be applied to the original solution. 

Potash produces a black precipitate of mercurous oxide, 
Hg.O. 

Metallic Copper becomes silvery from the deposition of 
mercury. 
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Proiochloride of Tin (Stannous chloride), added in excess, 
produces a grey precipitate of finely divided mercury. 
Metallic Mercury (quicksilver) would be known at once. 

Common Mercurous Compounds. 



Names. 


CkmipoaitUm. 


Mercoroas chloride, or ) 
Calomel ) 

Mercurous nitrate, or ) 
Protonitrate of mercury J 


Mercury, chlorine. 

Mercurous oxide, nitric acid, 
water. 



Cahmelf HgCl or Hg^Cl,, is commonly sold as a white 
heavy powder, with a very slight shade of yellow. Before 
being ground to powder, it forms a translucent fibrous mass. 
It is not dissolved by water or dilute hydrochloric acid, and not, 
unless boiled, by dilute nitric acid; a mixture of the two 
acids dissolves it more readily when boiled. Calomel is 
easily known by its becoming black when skaken with potash 
or with lime-water, and dark grey when shaken with 
ammonia (250). 

Protonitrate of Mercury^ HgNO„Aq., is sold in transparent 
prismatic crystals, which are decomposed when treated with 
water, a yellow basic nitrate of mercury being separated. 

14. Confirmatory Testa for Lead, to be applied to the 
original solution. 

Hydrochloric Acid produces a white precipitate of lead 
chloride, which dissolves on boiling, and is deposited in fin^ 
needles on cooling. 

Dilute Sulphuric Acid iproduceSf especially on stirring, a white 
precipitate of sulphate of lead, not dissolved by an excess of 
the acid, and soon depositing as a powder at the bottom of 
the tube. 

Hydromlphuric Add produces a purplish black precipitate 
of sulphide of lead. 

Bichromate of Potash produces a yellow precipitate of chro- 
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LEAD AND ITS COMPOUNDS. 



mmte 6( lead. If the original substance be Metallic Lead^ Pb, 
it will be recognised by its softness, and by its making a black 
streak on paper ; it is insoluble in hydrochloric acid, but 
diifolres when boiled with dilute nitric acid ; the solution 
gires a white precipitate with excess of ammonia, and a black 
precipitate, with a purplish shade, on addition of hydrosul- 
phuric acid. 

Common Compounds of Lead. 



Namea. 


Compotiiion, 


liitharge 
KaMicot 


} 


Lead, oxygen. 


Minium, or 
Red lead 


f 


Lead, oxygen. 


Peroxide of lead 




Lead, oxygen. 


Acetate of lead, or 
Bagar of lead 


} 


Oxide of lead, acetic acid, water. 


Carbonate of lead, or 
White lead 


} 


Oxide of lead, carbonic acid, 
water. 


Chromate of lead, or 
Chrome yellow 


} 


Oxide of lead, chromic acid. 


Nitrate of lead 
Chloride of lead 
Iodide of lead 
OzTchloride of lead 
Buiphate of lead 


/ 


Oxide of lead, nitric acid. 

Lead, chlorine. 

Lead, iodine. 

Lead, oxygen, chlorine. 

Oxide of lead, salphnric acid. 


Salphide of lead, or 
Galena 


1 


Lead, sulphur. 



Massicot, or Oxide of Lead, PbO, is a yellow powder, which 
is insoluble in water, and becomes white when boiled with 
hydrochloric acid, being converted into chloride of lead, 
which partly dissolves, and is deposited in needle- like crystals 
on cooling. Diluted nitric acid dissolves massicot when 
gently heated. 

Litharge is the same oxide of lead, which has been melted, 
and is sold in pinkish-brown or buff scales or powder. The 
action of water and acids upon it is similar to that upon 
massicot. 
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Minium^ 'Phfi^y is a bright red powder, which is not 
affected by water, buc evolves the smell of chlorine when 
boiled with hydrochloric acid, and is slowly converted into 
chloride of lead. Dilute nitric acid only partly dissolves it, 
leaving a brown powder (peroxide of lead). 

Peroxide ofLead^ or Binoxide of Lead, PbO» is a dark brown 
powder, which is insoluble in water and in nitric acid, but 
dissolves slowly in boiling hydrochloric acid, giving off the 
smell of chlorine, and forming chloride of lead, which crys- 
tallizes in needles from the solution as it cools. 

Acetate of Lead, Pb2CgH,0,3Aq., forms white needle- 
like crystals^ which have a faint odour and an intensely 
sweet taste. When treated with water it dissolves, but yields 
a milky solution, especially with common water, from the 
presence of a little carbonate of lead, formed from the car- 
bonic acid contained in the water ; nitric acid clears it up at 
once. When acetate of lead is heated on the point of a knife, 
or on a slip of glass, it melts, and gives off an inflammable 
vapour with a very peculiar smell, leaving a grey residue 
composed of carbon and minute globules of metallic lead, 
easily changing to yellow oxide of lead. 

Perchloride of iron (ferric chloride), added to a solution 
of acetate of lead, produces a white precipitate of chloride 
of lead, and a red solution of ferric acetate, which is clearly 
seen after the precipitate has subsided. 

White Lead, or Basic Carbonate of Lead, 2PbC0„PbH,0„ 
is a heavy earthy powder, soon becoming grey when exposed 
to air, from the action of sulphuretted hydrogen. It is 
insoluble in water, and effervesces with hydrochloric acid, 
dissolving when heated, as chloride of lead, which crystallizes 
in needles on cooling. Dilute nitric acid easily dissolves car- 
bonate of lead, with effervescence caused by the escape of 
carbonic acid gas. When heated on a knife, or slip of glass, 
it becomes yellow. 

Chro7/uxte of Lead, PbCrO^, is commonly sold as a bright 
yellow or orange red powder or cake — (the orange chrome is 
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the basic cbromate or dicbromate of lead, PbCrO^ PbO); 
but fused chromate of lead has a brown colour. It is 
insoluble in water, but dissolves slowly when boiled with 
strong hydrochloric acid, evolving chlorine and yielding a 
green solution. If it be heated with liydrochloric acid and a 
little alcohol, a bright green solution of chlorides of chromium 
and lead is produced, which deposits crystals of chloride of 
lead on cooling. Nitric acid scarcely affects chromate of lead. 
If the yellow chromate of lead be heated on a knife, or slip 
of glass, its colour changes to a red-brown. 

Nitrate ofLead^ Pb2N0,, forms hard white crystals^ haviog 
a sweet taste. It dissolves in water, but not easily unless 
heated. When heated on a knife, or slip of glass, it crackles 
or deci'epitates violently. If previously powdered, to prevent 
its flying off, it evolves suffocating brown fumes (nitric per- 
oxide), and leaves a yellow or red residue. 

Chloride of Lead, PbCl,, is a white powder, sometimes 
crystalline, which dissolves slowly when boiled with water, 
the solution easily depositing crystals on cooling. 

Iodide of Lead, Pbl„ is a bright yellow powder, which dis- 
solves sparingly in boiling water, but more readily on adding 
a little hydrochloric acid, yielding a colourless solution, which 
deposits brilliant golden scales on cooling. When boiled 
with nitric acid, iodide of lead gives off the purple vapours 
of iodine. 

Oxychloride of Lead is either white (Pb^OCl,) or bright 
yellow (PbgOyClj), according to the mode of preparing it. It 
melts easily when heated, the white oxychloride becoming 
yellow. It is insoluble in water, but dissolves sparingly when 
boiled with hydrochloric acid, the solution depositing crystals 
of chloride of lead on cooling. 

Sulphate of Lead, PbSO^, is a white powder which does 
not change when heated, is insoluble in water, but dissolves 
slowly in boiling hydrochloric acid, the solution depositing 
crystals of chloride of lead as it cools. 

Sulphide of Lead or Galena, PbS, is a dark grey, heavy. 
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metallic'looking substance, tlie masses of which may be easily 
split or cleaved with a knife- blade into rectangular fragments. 
Water has no effect upon it, and diluted hydrochloric acid 
very little, but nitric acid gradually dissolves it, brown fumes 
being evolved, resulting from the decomposition of the nitric 
acid. Strong hydrochloric acid also dissolves it on heating, 
producing the offensive odour of hydrosulphuric acid. 
Phosphate of Lead^ Pb,2P0^, is described at (112). 
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EXPLANATIONS AND INSTRUCTIONS ON 

TABLE O. 

1 G. To wash a precipitate, — The precipitate having been 
collected upon a filter (4) may be washed by filling the filter 
twice or thrice with distilled water, and allowing it to run 

through. A washing-bottle (fig. 12) 
will be of great assistance in washing 
precipitates, the stream of water be- 
ing directed so as to wash the pre- 
cipitate from the sides towards the 
apex of the filter. 



Fio. la. 




Fzo. 14. 



O 



Wasbing-botUei 




When a precipitate is very heavy 
and subsides readily, it may be 
washed hy decantation — that is, by 
shaking it up with successive quan- 
tities of distilled wa- 
^'*' ^'' ter, which are pour- 

ed off when the pre- 
cipitate has settled 
down. A wet glass 
rod, heldagainstthe 
lip of the test-tube 
I ^«f (fig. 18), greatly as- 

sists in decanting 
the liquid without disturbing the precipitate. 

17. Heating solid substances in tubes. — Ordinary 
test-tubes should not be used for this purpose, but 
much smaller tubes which are made, with the help 
of the blow-pipe, from a piece of (German) glass 
tube free from lead, of the size represented in ^g, 14. 
The middle of this piece of tube is softened in the 
blow-pipe flame (fig. 15), and quickly drawn out to 
form two tubes connected by a mere thread of glass, 
which is then detached from each tube, as shown at 
0, leaving the finished tube of the shape shown at b. 
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SOLIDS HEATED IN TUBES. 



ria.16. 





The substance to be heated is introduced into this tube, in 
yery small quantity, and the sides of the tube are cleansed 

from adhering particles by 
^'*' '®' rubbing them with a match. 

A strap of folded paper (fig. 
16) is put round the tube, 
which is then held in the 
lower part of the fiame of a 
gas-jet (to avoid smoking it), 
or in a spirit-fiame. If any 
moisture should condense on 
the sides of the tube, incline 
its mouth downwards, so that the drops may not run back 
upon the heated glass and crack it. If it be necessary to 
apply a more intense heat, the blowpipe flame may be 
directed on to the bottom of the tube. 

18. To ascertain whether a solution is alkaline or acidy 
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dip a piece of red or blue litmus-paper into it, or touch the 
paper with a glass rod dipped in the liquid. An alkaline 
solution changes red litmus to blue, whilst an acid solution 
reddens the blue litmus-paper. In the absence of test- 
papers, the taste may of course be relied on for a rough 
indication. 

NOTES TO TABLE O. 

19. Lead is liable to be found in the precipitate produced 
by hydrosulphuric acid, because its chloride is dissolved to a 
considerable extent by water, so that a weak solution of a 
salt of lead is not precipitated by hydrochloric acid. 

20. The mercuric salts generally give, on addilion of a 
little hydrosulphuric acid, a yellow br brownish precipitate, 
which passes through various shades on adding more hydro- 
sulphuric acid, finally becoming black. 

21. Solutions of copper have a blue or green colour. The 
blue solutions are turned green by hydrochloric acid. 

22. The perchloride of mercury (mercuric chloride) will 
give, with stannous salts or protosalts of tin, a white preci- 
pitate of mercurous chloride (calomel) or a grey precipitate 
of finely-divided metallic mercury, accordingly as one-half or 
the whole of the chlorine is abstracted from the mercuric 
chloride by the protosalt of tin. 

23a Metallic Tin, Sn, would be easily known by its be- 
coming converted into a white powder (binoxide of tin) when 
boiled with nitric acid. It dissolves slowly when boiled with 
diluted hydrochloric acid, and rapidly in the strong acid, 
yielding a solution of protochloride of tin (or stannous 
chloride), which is at once recognised by the test with per- 
chloride of mercury mentioned above (22). 

For the common protosalts of tin, see the next page. 
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Common Stannous Compounds, or Pbotosalts of Tin. 



Namei. 


Con^poiitum, 


Protochlonde of tin, or ) 
8slt8 of tin, or tin crjitab { 

ProUwoIphide of tin, or 
Tin pjrites 


Tin, chlorine, water. 
Tin, Bolpliar. 



Protochloride of Tin, SnCl„2Aq., usually forms needle-like 
crystals with a tiiige of yellow. Water decomposes it, form- 
ing a milky white oxychloride of tin. Hydrochloric acid 
dissolves it entirely. 

Tin Pyrites^ SnS, is^ dark grey mineral which is slowly 
dissolved when boiled with hydrochloric acid, evolving the 
smell of hydrosulphuric acid. Boiling nitric add converts it 
into the white binoxide of tin. 

24. The precipitate of sulphate of lead sometimes forms 
only after the lapse of some minutes in highly acid solutions. 

25. If the quantity of the original solution is very limited, 
ammonia may be added in excess to that portion which has 
been already tested with sulphuric acid. 

26. The presence of copper may be confirmed by intro- 
ducing a piece of clean iron or steel into this solution mixed 
with a slight excess of hydrochloric acid ; a red coating of 
metallic copper will be deposited upon the metal. 

Ferrocyanide of potassium may be added to the original 
solution; if copper is present, a red brown precipitate of 
ferrocyanide of copper will be produced. 

27. Metallic Copper^ Cu, is identified by its colour, its 
insolubility in diluted hydrochloric acid, and by its dissolv- 
ing rapidly in nitric acid, to a green or blue solution of nitrate 
of copper. 
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Common Ck)MP0UND8 of Copper. 



Namei. 


Compowtion. 


Salpbate of copper, or 
Biae-stone 


i 


Oxide of copper, solphnrio acid, 
water. 


Arsenite of copper, or 
Scheele'8 green 


1 


Oxide of copper, arMnionB add, 
water. 


Banc acetate of copper, or 
Yerdigris 


) 


Oxide of copper, acetic acid, 
water. 


Banc carbonate of copper, or ) 
Malachite j 


Oxide of copper, carbonic acid, 
water. 


Oxychloride of copper, or 
Brunswick green 


\ 


Oxide of copper, chloride of cop- 
per, water. 


Oxide of copper, or 
Cnpric oxide 


} 


Copper, oxygen. 


Suboxide of copper, or 
Cnproaa oxide 


■ 


Copper, oxjgen. 


Snlphide of copper 




Copper, sulphur. 



Sulphate of Copper^ CuS0^,H,0,4Aq., forms blue dia- 
mond'Shaped crystaU^ often grouped into irregular masses. 
It dissolves easily in water, jdelding a blue solution, which is 
copiously precipitated by nitrate or chloride of bariiim. 
Dried sulphate of copper is nearly white, and becomes blue 
when moistened. 

Arsenite of Copper ^ CuHAsO,, is a bright green powder, 
insoluble in water, but soluble in hydrochloric acid to a 
green liquid. It may be tested for arsenious acid according 
to (33). 

Verdigris, Cu2C^,0„CuO,6H,0, has a bluish green 
colour. It is partJy dissolved by water, and entirely by 
hydrochloric acid, to a green solution. When heated on a 
knife or a slip of glass, it is blackened and emits an odour 
like that of vinegar. 

The Basic Carbonates of Copper are blue (2CuC0,,Cu 
H,0^ or green (CuCO,,CuH,0,), insoluble in water, but 
soluble, with effervescence, in hydrochloric acid. 
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Oxychloride of Copper^ Cu^Cl,0,,4Aq., is green. It is 
insoluble in water, but dissolves in acids. Its solution in 
nitric acid may be tested for chlorine with nitrate of silver 
(Table H). 

Cupric Ooddey CuO, is a black powder, insoluble in water, 
but soluble in hydrochloric acid, on boiling, forming a green 
solution, which sometimes becomes turbid when mixed with 
water, from the separation of a little aubchloride of copper. 

Cuprous Oxide, CUj^O, is red or red-brown ; it is not dis- 
solved by water, but hydrochloric acid dissolves it, on boil- 
ing, to a brown solution, which gives a thick white preci- 
pitate of cuprous chloride (subchloride of copper) when 
mixed with water. Boiling nitric acid dissolves cuprous 
oxide, forming a blue solution which is not precipitated by 
water. 

Sulphide of Copper^ Cu^S, as found in nature (cuprous 
sulphide or copper-glance), is a black substance with a some- 
what metallic lustre ; insoluble in water and in hydrochloric 
acid, but dissolved by boiling in nitric acid to a blue solution, 
spongy flakes of dark coloured sulphur usually separating. 

The artificial sulphide of copper, CuS, is usually a black 
powder with a shade of green, which behaves in the same 
way. 

28. If the precipitate of oxide of bismuth, Bi^O,, pro- 
duced by ammonia be small, it should be collected upon a 
filter, washed with a little water (16), and very carefully dis- 
solved by dropping two or three drops of diluted hydro- 
chloric acid upon it. When water is added to the slightly 
acid solution of chloride of bismuth so produced, a milky 
precipitate of oxychloride of bismuth is formed, but the 
presence of an excess of acid prevents its formation. 

To confirm the presence of bismuth, add to the original 
solution (or to the solution of the oxide precipitated by 
ammonia, in hydrochloric acid, even after dilution) solution 
of iodide of potassium ; this will produce a red or yellow 
colour if bismuth be present (or even, in a strong solution, a 
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brown precipitate of iodide of bismuth), and on adding a 
drop of acetate or nitrate of lead, the iodide of lead which 
precipitates will have a brown or red instead of its usual 
yellow colour, from the presence of iodide of bismuth. If 
' this precipitate be dissolved by heating the liquid and adding 
a few drops of diL hydrochloric or acetic acid, it will 
crystallize out in very beautiful brown or red scales as the 
solution cools. 

An excellent confirmatory test for bismuth consists in 
adding to the original solution some protochloride of tin 
(stannous chloride, prepared by boiling a fragment of tin 
with strong hydrochloric acid) and an excess of potash, when 
a black precipitate of bismuthous oxide, BIO, is obtained. 
Should the stannous chloride produce a grey or white pre- 
cipitate, becoming dark grey on adding potash, it is probably 
due to the presence of mercury. 

29. Metallic Bismuthy Bi, is a brittle metal with a faint 
pink reflection. It does not dissolve in hydrochloric acid, 
but dissolves in diluted nitric acid, on boiling. 

Common Compounds of Bismuth. 



Namea, 


Composition. 


Basic nitrate of bismuth, or ) 
Flake white j 

Oxjchloride of bismuth, or ) 
Pearl white j 


Oxide of bismuth, nitric acid, 
water. 

Oxide of bismuth, chloride of 
bismuth, water. 



Flake white*^ Bi^gO^.H^O, is insoluble in water, but 
dissolves in hydrochloric acid. When heated in a dry glass 
tube (17), it evolves moisture, which condenses in drops 
on the cool part of the tube, and brown vapours of nitric 
peroxide. 

Fearl white, BiOCl, is also insoluble in water and soluble 



* flake white somutimes consists of ba^ic carbonate of lead (white 
lead). 
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in hydrochloric acid. It may be dissolved in nitric mcid, and 
tested for chlorine with nitrate of silver (Table H). 

30. In order to be quite sure of the presence of mercmy 
in a solution, it must be boiled with metallic copper. If 
nitric acid be present, which would dissolve the copper, it 
must be neutralized by adding a slight excess of ammonia 
(5) ; enough dilute hydrochloric acid must then be added to 
destroy the odour of ammonia, even after shaking, and two 
or three slips of bright copper introduced. On boiling, the 
copper will acquire a bright silvery coating, and if it be 
rinsed with water, dried in filter-paper and heated in a dry 
tube (17), a grey crust of minute globules of mercury will 
be formed upon the side of the tube, uniting into larger 
globules when rubbed with a glass rod or a wooden match. 
Bismuth also deposits upon the copper, but forms a dtdl grey 
coating. 

When mercury is present in the form of cyanide of mer- 
cury, it would generally escape detection until the boiling 
with hydrochloric acid and copper, at the end of Table C. 

31. Common Mercubic* Compounds. 



Names. 




Composttton, 


Mercuric chloride, or perchloride, 
Bichloride of mercurj, or 
CorroHive suhlimate 


1 


Mercurj, chlorine. 


Mercuric sulphide, or 
Vermilion, or cinnabar 


> 


Mercury, sulphur. 


Mercuric oxide, or 
Nitric oxide of mercurj 


i 


Mercury, oxygen. 


White precipitate 
Mercuric iodide 


1 


Mercury, chlorine, nitrogen, 

hydrogen. 
Mercury, iodine. 


Mercuric cyanide 


) 


Mercury, cyanogen (carbon 
and nitrogen). 



* Nitric acid converts mercurous compounds into mercuric com- 
P'^unds; hence, if this acid should have been used to dissolve the 
original substance, the latter may possibly haya been a meiciiroaf 
compound (18). 
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Corrosive Sublimate^ HgCl,, is sold either in shining white 
semi 'transparent masses or as a white crystalline powder. It 
dissolves readily when boiled with water, and crystallizes 
from a strong solution in white needles. When heated in a 
small tube (17), it melts very easily to a perfectly clear 
liquid, which crystallizes in fine needles on cooling. By 
continuing the heat, it is boiled away in vapour which has a 
fearfully suffocating effect upon the nose. 

Vermilion, HgS, is known by its bright red colour. It is 
insoluble in water, and in hydrochloric or nitric acid sepa- 
rately, but it dissolves in a mixture of the two acids, with 
separation of spongy flakes of sulphur. 

Cinnabar, HgS, the chief ore of mercury, is generally met 
with in dark brotvn very heavy hard masses, which become 
red when scraped with a knife. In its relation to solvents it 
resembles vermilion. 

Nitric Oxide of Mercury, HgO, is a bright red shining 
powder, insoluble in water, but soluble in hydrochloric acid. 

White Precipitate, HgClNHj, is a heavy white earthy- 
looking substance, insoluble in water, but soluble in hydro- 
chloric acid. When boiled for some time with water, it 
becomes yellow. On boiling it with potash, it evolves the 
odour of ammonia. 

Mercuric Iodide, or Biniodide of Mercury, Hgl^, is a 
scarlet powder, insoluble in water, but dissolved by boiling 
hydrochloric acid. When heated on a slip of glass, it 
becomes bright yellow, and passes off in yellow fumes. The 
yellow powder becomes red when rubbed with a glass rod. 

Mercuric Cyanide, or Cyanide or Bicyanide of Mercury, 
Hg2CN, forms white prismatic crystals which dissolve in 
boiling water. When heated in a dry tube (17) they 
crackle, melt, and evolve cyanogen, which may be recognised 
by its odour and by its burning with a pink flame. A brown 
residue is left at the bottom of the tube, and the cooler part 
of the tube is covered with a grey deposit of mercury which 
unites into globules when rubbed with a match. 
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32. The carbonate of ammonia is to be added in excess, 
so that the smell of ammonia is quite perceptible on warming 
the liquid ; otherwise the sulphide of arsenic would not be 
dissolved and might be mistaken for that of tin. 

It is better to collect a little of the precipitate upon a filter, 
to wash it once or twice with water (16), and to pour some 
warm carbonate of ammonia over it. If there be any doubt 
whether the precipitate has been dissolved, test a little of the 
solution in carbonate of ammonia with excess of hydrochloric 
acid, when sulphide of arsenic will be separated in yellow 
flakes. 

33s Should any confirmatory test be required for arsenic, 
either Reinsch's test or Marsh's test may be employed. 

ReinscKa test for arsenic. — Boil a little of the original sub- 
stance with excess of hydrochloric acid and a few strips of 
bright copper for a minute or two. The copper displaces 
the arsenic from the solution, and a dark grey compound of 
arsenic with copper is formed upon the surface of the 
strips. Rinse these with a little water, dry them on filter- 
Fxo. 17. paper, and heat them gentjy in a 

small tube closed at one end (17); 
minute shining crystals of arse- 
nious acid will be deposited on 
the cool part of the tube, having 
been produced by the combination 
of the arsenic with oxygen from 
the air. If the crystalline deposit 
is examined with the microscope 
(for which purpose the binocular 
is to be preferred), it will be seen 
to consist of octahedral crystals (fig. 17). 

34. Marshes test for arsenic, — Dissolve the substance, if 
possible, in water or hydrochloric acid. If it be insoluble in 
these, dissolve it in nitric acid, evaporate the solution to dry- 
ness in a small dish, and redissolve the residue in water with a 
little hydrochloric acid. 
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Arrange an apparatus as represented in 

fig. 18; the funnel-tube a, and the bent 

tube (229) b, being passed through air-tight 

perforated corks (228). b has been drawn 

out to a moderately fine jet by softening it 

in the blowpipe fiatne (fig. 1 5), drawing it 

out to a narrow neck (fig. 19), and cutting 

this across with a file, at a. 

Fxe. 19. 



Fie. 18. 





Introduce into the bottle enough granulated zinc* to cover 
the bottom, fill the bottle about one-third with water, and 
pour in dilute sulphuric acid, through the funnel- tube (the 
lower end of which must dip beneath the water) until mode- 
rate efEervescence, from the evolution of hydrogen gas, takes 
place. Keep the tube b far away from a fiame, because the 
bottle is now filled with an explosive mixture of hydrogen 
and air. Incline the gas-bottle and hold a small test-tube 
over the tube b, as represented in fig. 20, for about a minute, 
slowly withdraw it, keeping its mouth downwards, and apply 
it to a flame ; if it explodes, the hydrogen in the bottle is still 



Fxo. 20. 




Fie. 21. 



#* 



* To granulate zinc, melt it in an iron ladle, stand upon the table, 
" and pour the lueUed metal, in a thin stream, into a pail of water, 
standing on the floor. 
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mixed with ur, and it wonld explode if lighted. Repeftt the 
experim«nt until thd hydro^n can be seen to bam ateadily 
Kway in the test-tube. The hydrogen issuing from the tobe 
■ may then be kindled with safety. Hold the lid of a porce- 
lain crucible in the tiame (Hg. 21), preaaiiig it close up to ths 
jet. No spot (of arsenic or antiraony) will be deposited upon 
the porcelain if the hydrogen be pure. 

Vour a few drops of the solution to be tested for araenic, 
prepared as directed above, into the funnel-tube A, and repeat 
the experiment with the porcelain lid, Jf arsenic be present, 
arsenietted hydrogen will be formed, and will deposit a dark 
brown stain of arsenic on the porcelain surface. 
Make a stain upon another lid in the same way. 

„ „ Heat the tube b with a spirit-lamp 

(fig. 22) for a minute or two, when the 
arsenietted hydrogen will be decom- 
posed, and a nearly black shining crust 
of arsenic will be deposited on the cooler 
part of the tube. 

To prove that tbeee results are dse 
to arsenic, and not to antimony, which 
might imitate them, touch one of the 
stains with a glass rod dipped in ao- 
Intion of chloride of lime, which will dissolve a stain of 
arsenic, but not that of antimony. 

Test the other stain in the same way with yellow hydro- 
Bulphate of ammonia, which will not dissolve a stain of 
arsenic, but dissolves that of antimony. If the deposit formed 
in B were due to antimony, it would be produced close to the 
hot part of the tube, whilst the arsenical crast is deposited 
upon the cooler part of the tube. To be quite sure of its 
character, make a deep flle-mark at each end of it^ and 
break off the end of the glass. Wrap the piece containing 
the deposit in a piece of stout paper, break it into fragments 
(not into powder), and heat one or two of these in a small 
tube (17), when the arsenic will be oxidized, and a shining 
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ring of crystals of arsenious acid will be deposited on the 
cooler part of the tube. 

35. Metallic Arsenic, As, is a dark grey brittle substance, 
with metallic lustre. It is insoluble in water and in hydro- 
chloric acid, but dissolves in boiling nitric acid. When 
heated in air, it emits a smell of garlic. Heated in a dry 
tube (17) it is converted into vapour, which condenses higher 
up the tube, partly as a black shining crust, partly as a 
white crystalline powder of arsenious acid produced by the 
oxygen of the air in the tube. 

Common Compounds of Arsenic. 



Names. 


Composition. 


Arsenions acid, or 
White arsenic 


1 


Arsenic, oxygen. 


Araenite of copper, or 
Scheele's green 


} 


Arsenious acid, oxiile of copper. 


Arsenic acid 
Arseniate of Boda 




Arsenic, oxygen. 
Arsenic acid, soda, water. 


Tersnlphide of arsenic, or 
Telle «r orpiment 


1 


Arsenic, sulphur. 


Bisulphide of arsenic, or 
Realgar or red orpiment 


} 


Arsenic, sulphur. 


Iodide of Arsenic 




Arsenic, iodine. 



Arsenious Acid, As,0„ is sold either in opaque porcelain- 
like nuLsses, or as a white powder. It seems insoluble in 
water, unless long boiled with it, but dissolves in boiling 
hydrochloric acid, and more readily in boiling nitric acid, 
evolving from the latter brown fumes of nitrous acid. 

When a little arsenious acid is heated in a dry tube (17), 
it 18 entirely converted into vapour, and is deposited on the 
cooler part of the tube as a white crystalline powder (246, 
251). 

Arsenite of Copper has been described at page 25. When 

D 
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heated in a dry tube (17), it eyolves yapour of araenious add 
which condenses to a crystalline powder. 

Arsenic Acid, As,0^, is commonly sold in combination 
with water, as hydrated arsenic acid, in white irregular hanpSj 
which soon become damp by absorbing water from the air. 
It dissolves in water, and if the solution be mixed with 
hydrochloric acid, and a considerable volume of hydro- 
sulphuric acid added, it is not precipitated in the cold, but 
when boiled it yields a white precipitate of sulphur, followed 
by a yellow precipitate of tersulphide of arsenic. 

Araeniate of Soda^ Na,HAs0^.7Aq.,forms prismatic crystals 
which dissolve easily in water, yielding a solution which is 
alkaline to test-papers (18), and behaves like arsenic acid 
with hydrochloric and hydrosulphuric acids. 

The solution of arseniate of soda gives a red-brown pre- 
cipitate with nitrate of silver, and the solution of arsenic acid 
will give the same precipitate if ammonia be very cautiously 
added afler the nitrate of silver. 

Tersulphide of Arsenic, ^'^^t^ ^^ bright yellow, insoluble in 
water and in hydrochloric acid, but dissolved by boiling 
nitric acid, with separation of sulphur. It dissolves in warm 
ammonia, or potash, yielding a colourless solution, from which 
it is reprecipitated in yellow flakes by an excess of hydro- 
chloric acid. 

Realgar, ^s^S^, is sold in orange-red masses or powder. It 
behaves like the preceding with water and acids, but is not 
entirely dissolved by potash, leaving a dark brown residue. 

Iodide of Arsenic, Asl,, forms brick-red flakes which are 
dissolved to a considerable extent by boiling water, and 
evolve violet vapours when boiled with nitric acid. 

36, If too little carbonate of ammonia be added, the 
sulphide of arsenic may be mistaken for bisulphide of tin. 
On adding ammonia, the sulphide of arsenic dissolves very 
readily, but the bisulphide of tin dissolves with difficulty. 

To confirm the presence of tin, place in a little of the 
original solution (which should contain free hydrochloric but 
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not nitric acid) a piece of zinc ; after a short time metallic 
tin will be deposited as a spongy mass ; rinse this with water, 
boil it with a little hydrochloric acid to dissolve it in the 
form of chloride of tin (stannous chloride), and test it with 
perchloride of mercury (22). 

If the original solution contains nitric acid, add ammonia 
in slight excess to neutralize it, and acidify the solution again 
with hydrochloric acid before testing with zinc. 

37. The mode of identifying metallic tin has been de- 
scribed at (23). 

Ck)MMON Stannic Compounds (or persalts of tin).* 



Kames. 


Composition, 


Binoxide of tin, or 
Stannic acid 
Stannate of soda 
Bisulphide of tin 
Attmm musivum 

Stannic chloride, or 
Nitromariate of tin 

Pink salt 


! 

i 
i 
! 


Tin, oxygen. 

Stannic acid, soda, water. 

Tin, Bulphor. 

Tin, chlorine (water). 

Stannic chloride. 
Hjdrochlorate of ammonia. 



Binoxide of Tin, SnO^, is insoluble in water and acids, 
and will, therefore, not be considered at present. 

Stannate of Soda, Na,SnO,.4Aq., is usually sold in opaque 
irregular crystals, which are soluble in cold water, though 
generally leaving a white residue. The solution is alkaline 
(18). Hydrochloric acid added drop by drop causes a white 
precipitate of stannic acid, which is redissolved by an excess 
of the acid. 

Bisulphide of Tin, SnS^, or bronze powder, or Mosaic 



* Nitric acid converts stannous compounds into stannic compounds ; 
hence, if this acid has heen used to dissolve the original substance, thii 
may have been a stannous compound (23). 

d2 
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gold, is a golden yeUow, scaly substance, insoluble in water, 
in hydrochloric acid, and in nitric acid, but dissolved by 
boiling with hydrochloric arid and adding a little nitric acid. 
Much nitric acid causes the separation of white binoxide of 
tin. 

Stannic Chloride, SnCl^, is commonly met with in the 
state of solution, which is highly acid to test-papers (18). 
It may be tested for chlorine with nitrate of silver (Table H). 

Pirik Salt, SnC1^.2NH^Cl, may be tested for chlorine in 
a similar manner. When heated with potash it evolves 
ammonia. 

38. The presence of antimony may be confirmed by 
acidifying the original solution with hydrochloric acid, and 
introducing a piece of zinc, when a sooty black powder of 
metallic antimony will be deposited. 

Or a few drops of the solution (free from nitric acid) 
acidified with hydrochloric acid, may be placed upon a 
surface of platinum (foil) and a piece of zinc made to touch 
the platinum ; a dark stain of antimony will be formed upon 
the latter metal. If this stain be rinsed with water, and 
wetted with yellow hydrosulphate of ammonia, it will be 
dissolved on warming, and the solution, if evaporated on the 
platinum, will deposit the orange-coloured sulphide of anti- 
mony. 

Or the solution, containing hydrochloric acid only, and not 
nitric acid, may be tested by Marsh's test (34). 

Or a little of the original substance may be boiled with 
excess of hydrochloric acid, and a few strips of copper, when 
the latter will displace the antimony and become covered 
with a purple antimonial film. 

39, Metallic Antimony, Sb, is known by its great brittle- 
ness and brilliant lustre. It is not attacked by water, and to 
a slight extent only by boiling hydrochloric acid. When 
boiled with diluted nitric acid, it is converted, though slowly, 
into a white powder (antimonic acid) which is slightly 
soluble in the nitric acid. A mixture of hydrochloric acid 
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with a little nitric acid disaolves the metal, and if a large 
excess of acid be avoided, the addition of a large volume of 
water to the solution causes a thick white precipitate of oxy- 
chloride of antimony. 

Common Compounds of Antimony. 



Names. 


Composition. 


Tersiilphide of antimony, or ) 
Crude antimony ore j 

Teroxide of antimony ) 
Flowers of antimony { 

Tartar-emetic •< 

Terchloride of antimony 
Antimoniate of potash 


Antimony, sulphur. 

Antimony, oxygen. 

Teroxide of antimonr, 
Potash, tartaric acid, water. 

Antimony, chlorine. 
Antimomc acid, potash. 



Teraulphtde of Antimony, Sb,S,, as found in nature, is a 
dark grey crystalline substance with decidedly metallic lustre. 
It is unaffected by water, but boiling hydrochloric acid dis- 
solves it slowly, evolving the odour of hydrosulphuric acid. 
If the solution thus obtained be filtered and mixed with 
water, it generally gives an orange-red precipitate. A mix- 
ture of hydrochloric acid with a little nitric acid dissolves it 
readily, flakes of sulphur being separated. 

The artificial tersulphide of antimony, or antimony-ver- 
milion, is an orange red powder, which behaves with acids 
like the native tersulphide. 

Teroxide of Antimony ^ Sb^O,, is a greyish-white powder, 
insoluble in water, but dissolved by hydrochloric acid. When 
heated on a knife or a slip of glass it becomes yellow, but 
turns white again on cooling. 

Tartar-emetic, 2(K.SbO.C^H^OJ.Aq., forms hard white 
crystals, or a white powder^ readily dissolved by hot water. 
The solution gives a white precipitate of teroxide of antimony 
on adding a drop of diluted hydrochloric acid, but an excess 



88 ANTIMONT COMPOUNDS. 

of acid readilj dissolves it. When tartar-emetic is heated on 
a knife or a slip of glass it is carbonized, and evolves the 
peculiar odour of burnt sugar which characterizes the pro- 
ducts of decomposition of tartaric acid. 

Terchloride of Antimony , SbCl,, in the pure state forms a 
soft grey fusible solid, but it is commonly met with in the 
state of solution, usually of a yellow colour, due to the pre- 
sence of iron. When largely diluted with water, it gives a 
white precipitate of oxychloride of antimony. 

Antimoniate of Potash^ KSbO,, is usually sold as a white 
powder, which is partly dissolved by boiling water, yielding 
an alkaline solution (18). If this solution be filtered, and a 
drop of diluted hydrochloric acid added to it, it yields a slight 
white precipitate of antimonic acid, which dissolves in an 
excess of the acid. If a drop of the aqueous solution be 
briskly stirred, on a slip of glass, with a drop of solution of 
carbonate of soda, it gives a precipitate (antimoniate of soda) 
which deposits on the lines where the rod has rubbed against 
the glass. 

40. Examples for Practice in Tables B and C, — The 
following substances may be selected (10) : — 



Corrosive sablimate, 
Acetate of lead, 
Sulphate of copper, 
Oxjchloride of Dismuth, 
Chloride of lead, 



Arsenious acid. 
Litharge, 
Eed lead, 
Oxide of copper. 
Metallic tin. 



TABLE D. 
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40 IRON IDENTIFIED. 

NOTES TO TABLE D. 

413« When tiino poriuits, it is desirable to collect a little 
of tlid |>rc*(ii|)itAto upon a filter (4), and to wash it (16) before 
ti'tiutlng it with hydrochloric acid, which may be poured oyer 
it u\nm thtt flher. 

413« A whitti or grey residue of sulphur, derived from the 
Hulphido of anuiionium, is ofVcn left undissolved, especially if 
thti prmiipitnttt be treated with hydrochloric acid without 
haUm wanhml. 

44* To ruKwrtnin whether the iron is present as a ferrous 
or MM a r«rri(i milt, tost the original solution, which should be 
tuiiU (\H)f with turrooyanide of potassium. 

l^arriu Multii givo, with ferrooyanide of potassium, a dark 
blu» prtutipitatu of torri>cyanide of iron (Prussian blue) ; and 
with Ibrriduyanido of potassium, a dark brown solution, bat 
no protiipitate. 

Ftirruun HnltN give, with ferrocyanide of potassium, a lighter 
blua pruuipitntt) of the double ferrocyanide of iron and potas- 
mIuiii ; uiid with forridoyanide of potassium, a dark blue pre- 
uipitHtd of Turnbuirs blue. 

PotaMh, added in excess, produces a brown precipitate in 
solutions of ferric salts, and a dingy green precipitate in 
those of ferrous salts ; this precipitate slowly becomes brown 
when exposed to the air, from which it absorbs oxygen. 

Since nitric acid converts ferrous into ferric salts, no con- 
clusion as to the state of the iron can be drawn from these 
tests when that acid has been employed in dissolving the 
substance. 

45 a Metallic Iron, Fe, would generally be recognised by 
its external appearance. It dissolves slowly in dilute hydro- 
chloric acid, evolving a disagreeable smell of impure hydro- 
gen, quite different from that of hydrosulphuric acid (see 
Sulphide of Iran , p. 43). Ammonia added in excess (5) to 
this solution, gives a dingy green precipitate which gradually 
becomes brown when shaken with air. 
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Wrought Iron (malleable or bar iron) may be identified by 
warming two or three grains of it with diluted nitric acid 
(specific gravity 12*), when it will dissolve entirely, yield- 
ing a solution which is nearly colourless after cooling, pro- 
vided that the nitric acid be free from chlorine. 

Steely when tested in this way, gives a solution which 
retains a brown-yellow colour after cooling, due to the pro- 
ducts of the action of nitric acid upon the combination of 
iron with carbon, which is present in steel. 

White Cast Iron^ heated with nitric acid of the above 
strength, also dissolves, leaving little or no black residue of 
uncombined carbon, but the solution has usually a darker 
colour than that furnished by steel, because white iron com- 
monly contains a larger proportion of carbon in combination 
with the metal. 

Grey Cast Iron (ordinary pig iron) leaves a considerable 
black residue of graphite (uncombined carbon) when heated 
with nitric acid, and if this be filtered off or allowed to sub- 
side, the liquid will usually have a pale brown-yellow colour, 
produced by a little combined carbon. 

Mottled Cast Iron furnishes a result intermediate between 
those obtained with white and grey cast irons, the colour of 
the solution being paler than in the former case, and the 
black residue less abundant than in the latter. 

For the common compounds of Iron, see next page. 



• Three measures of ordinaiy strong nitric acid mixed with four 
jneasures of water. 
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OoMHOx ConpocxDS OF Iron. 



.\«tin^. 


(hnypositian. 




I 
} 


Iron, oxygen. 




\ 


Iron, oxjg^n. 




I 

i 


( Oxkle of iron, sulphnric acid, 
\ Water. 


Hu)|)hlii0 (MP «uh^hur«t of iron, or 


\ 


Iron, anlphor. ^ 


Iron |)^rit«>« 


} 


Iron, sulphur. 


1 'ArUtimtt^ of ii\u», imt 
H|mthlo irt>n or« 


I 


Onde of iron, carbonic acid. 


IVrohluriiie or Me»)uiohlorHl« of iroo 


Iron, chlorine. 


Kt«rnH\viinu)t> of iron, or 
IVuMian Uliio 


i 

S 


Iron, cjanogeu (carbon and 
nitrogen). 


Iodide of irtm 




Iron, iodine. 


Kilioiit« of iruii, or 


\ 


Oxide of iron, silicic acid. 



St>aquioxid$ 0/ /roii, Fe,0„ or ferric oxide, is met with in 
several forms. 

Bed II(mnatit$ Ors, or natural sesqnioxide of iron, is a 
hard oompaot mineral of a dark reddish-brown colour, not 
easily reduced to a powder, which is dark red. It is not dis- 
solved by water, but hydrochloric acid slowly dissolves it, 
yielding a yellow solution, which gives a rust-coloured pre- 
cipitate with ammonia. 

Specular Iron Ore^ another natural variety of the sesqni- 
oxide, is black, and has a brilliant lustre. Its relations to 
solvents resemble those of haematite. 

Brown Hcematite Ore contains water in combination with 
ferric oxide, and will therefore give off steam when heated in 
a dry tube (17). It varies in colour through different shades 
of yellow, brown, and red. Hydrochloric acid dissolves it 
more rapidly than it does the two preceding ores. 
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The artificial sesquioxide of iron, which is commonly 
known as Colcothar, Crocus, or Jewellers* Rouge, has a 
brighter red colour than haematite, which it resembles in its 
behaviour with hydrochloric acid. 

HtLSt has the same characters as brown hromatite. 

Magnetic or Black Oxide of Iron, Fe,0^, as found in nature, 
is a hard mineral with considerable lustre. Hydrochloric 
acid slowly dissolves it, with the aid of heat, yielding a 
greenish solution which gives a dingy green precipitate on 
addition of ammonia. The black oxide of iron which com- 
poses forge scales possesses similar characters, but is usually 
devoid of lustre. 

Sulphate o//ron (copperas, green vitriol, PeS0^.H,0.6Aq.), 
forms transparent green crystals, often streaked with rusty 
brown. It dissolves when shaken with cold water, but when 
boiled with water, it generally deposits a brown basic per- 
sulphate of iron formed by the decomposition of some ferric 
sulphate contained in the salt. This deposit is easily dissolved 
by hydrochloric acid, forming a yellow solution. 

Dried Sulphate of Iron, PeSO^, is a brownish-white powder 
which is not easily dissolved by cold water, and behaves like 
the green sulphate when boiled. Hydrochloric acid readily 
dissolves it. 

Sulphide of Iron, FeS, is a black substance somewhat re- 
sembling iron itself, insoluble in water, but dissolving in 
hydrochloric acid, and evolving a powerful offensive odour 
of hydrosulphuric acid. On adding ammonia to this solution 
before the hydrosulphuric acid is boiled off, a black precipi- 
tate of sulphide of iron is obtained. 

Iron pyiites, PeS,, has the colour and lustre of pale brass. 
It often occurs in distinct cubical crystals, but more com- 
monly in rounded lumps which are dark brown externally, 
and have a radiated crystalline structure when broken. It is 
not attacked by water or hydrochloric acid, but nitric acid 
dissolves it on boiling, with separation of flakes of sulphur 
and formation of sulphuric acid, which may be detected by 
barium chloride, or nitrate. 
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Spathic Iron Orty FeCO^ or /errou$ carhamatey Tariea Tciy 
mach in appearancey but usuallj forms greyisk-whiU masses 
which seem to be made up of tabular crjBtala. It is unaffected 
hj water, but dissolves in hydrochloric acid, assisted bjr heat, 
with efferrescence caused bj the escape of carbonic acid. 

The red carbonate of iron of the druggist is chiefly aeaqui- 
oxide of iron. 

Perchloride of Iron^ or muriate of irony or ferric chloride^ 
Fe,Cl^, is only met with in solution, which has a yellow or 
red colour, and gives a rust-coloured precipitate with am- 
monia. The chlorine may be detected in it by nitrate of 
silver (Table H). The tincture of sesquichloride of iron i3 
known by its alcoholic smelL 

Prussian Blue^ ^^fiix^a^ ^ insoluble in water and in the 
diluted acids. It may be known by its becoming brown 
when boiled with potash ; if the solution of ferrocyanide of 
potassium thus obtained be filtered from the deposited per- 
oxide of iron, and mixed with excess of hydrochloric acid, it 
will give a blue precipitate on adding perchloride of iron. 
Concentrated hydrochloric acid dissolves Prussian blue, on 
boiling, giving a yellow solution, frt>m which the Prussian 
blue is precipitated by much water. 

Iodide of Iron or ferrous iodidey Fel,, is commonly sold in 
solution, often mixed with syrup to preserve it. Solution of 
iodide of iron has a very pale-green colour, but, if partly 
oxidized, it is rusty brown and opaque. It may be tested 
for iodine according to Table H. The solid iodide forms 
brownish-green lumps which are deliquescent and have a 
crystalline fracture. 

The Iron Slags, or silicates of iron, obtained in the pro- 
cesses of refining and puddling cast iron, are black and pos- 
sessed of considerable lustre. They are unaffected by water, 
but if finely powdered and boiled with hydrochloric acid 
(especially if the acid be concentrated), they partly dissolve, 
emitting an odour of hydrosulphuric acid (caused by the pre- 
sence of sulphide of iron), and leaving a gelatinous residue of 
jslljca. 
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46. It is desirable to coDJSrm the indication of Cobalt 
either by the blowpipe (268), or by collecting this precipitate 
upon a filter (4), washing it (16) and dissolving it off the 
filter with a little dilute hydrochloric acid. The solution thus 
obtained should have a light pink colour, and if a little of it 
be dropped upon filter-paper, the latter should become blue 
or green when gently warmed. Ferridcyanide of potassium 
added to the solution should give a purple-brown preci- 
pitate. 

47. Neither metallic cobalt, Co, nor its compounds are 
frequently met with. The metal bears considerable resem- 
blance to iron. 

Cobalt-glance^ one of its chief ores, composed of cobalt, 
arsenic, and sulphur, CoS^.CoAs,, is a black lustrous mineral, 
soluble in boiling nitric acid, yielding a pink solution, and 
depositing fiakes of sulphur. 

Commercial Oxide of Cobalt^ CoO, is a bluish-grey, brown 
or black powder, according to the mode of preparing it. 
Hydrochloric acid dissolves it to a green or blue liquid which 
becomes pink when diluted. 

Smalt is glass which has been coloured with cobalt and 
powdered. It is insoluble in water, hydrochloric and nitric 
acids. 

Nitrate of Cobalt, Co2NO,.6Aq., is a red salt, very 
soluble in water and easily attracting moisture from the air. 
It becomes blue when geutly heated to expel water of crystal- 
lization, and if heated more strongly, evolves brown nitrous 
fumes, leaving black oxide of cobalt. 

48. The indication of nickel may be confirmed by adding 
to the original ^olution an excess of ammonia (which gives a 
blue colour, especially on heating) and of yellow sidphide 
of ammonium, when the sulphide of nickel first precipitated 
will, in great measure, be redissolved to a muddy brown 
solution. 

49. Neither metallic nickel, Ni (which resembles irQn'\^ 
nor an^ of its compounds are comxaon. 
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Commercial Oxide of Nickel, NiO, is a dull green or brown 
powder which dissolves in hydrochloric acid, yielding a green 
solution. 

Sulphate of Nickel, NiS0^.7H,0, forms bright-green crystals^ 
which are easily dissolved by water to a green solution. 

50. The indication of aluminium may be confirmed by 
observing the character of the precipitate caused by ammonia 
in the original solution. The hydrate of alumina which is 
then precipitated is nearly transparent, so that it might 
easily be overlooked, but that bubbles of air are usually 
entangled in it. If the liquid be warmed, the alumina sepa- 
ratee in more distinct flakes. 

The potash employed in testing oflen contains alumina, 
which renders it the more necessary to confirm the result by 
testing the original solution. 

In examining substances insoluble in water and acids, 
silica is likely to be met with here, as well as alumina. To 
separate them, the original acid solution should be evaporated 
to dryness (84), and the residue warmed with hydrochloric 
acid. On pouring the solution into a test-tube, the silica 
will be seen in fiakes, and if these be filtered off, and the 
solution mixed with excess of ammonia, the fiocculent preci- 
pitate of alumina will be obtained. 

51, Metallic Aluminium, Al, resembles tin in appearance, 
but is much lighter. It is distinguished from all other w£ite 
metals except platinum, by its resistance to the action of 
nitric acid, and from platinum by its easily dissolving in 
hydrochloric acid. 
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Common Compounds of Aluminium. 



Names. 


Composition. 


Claj, or silicate of alumina 

Sulphate of alumina, or ) 
Concentrated alum \ 

Alum* 

Emery 

Acetate of alumina 
Aluminate of soda 
Krjolite 


Alumina, silicic acid, water. 

Alumina, sulphuric acid, water. 

j Alumina, sulphuric acid, 
j Potash (ur ammonia), water. 

Aluminium, oxygen. 

Alumina, acetic acid, water. 

Alumina, soda. 

Aluminium, sodium, fluorine. 



(7/ay, being nearly insoluble in hydrochloric and nitric 
acids, will be considered hereafter, as will Emety and Ktyoltte 
for the same reason. 

Sulphate of Alumina, Al^SSO^.lSAq., is sold as a white 
or greyish opaque mass, of crystalline structure, and sweetish 
astringent taste. It dissolves easily in water, yielding a 
solution which reddens blue litmus. The sulphuric acid 
may be detected with chloride of barium (Table H). 

Alum may be either sulphate of alumina and potash, 
KA12S0^.12Aq., or sulphate of alumina and ammonia, 
NH^A12S0^.12Aq., or a mixture of both salts, according to 
the conditions of its manufacture. It forms bright colourless 
crystals, which have a sweet astringent taste, and dissolve 
easily in cold water, yielding a solution which reddens blue 
litmus. When heated on a knife or a piece of glass alum 
easily melts, evolves much steam, and leaves a white opaque 
swollen mass which is quite infusible. If this mass be held 
so as to touch the outside coating of the flame, the violet- 



* Potash-alum is composed of sulphate of alumina and sulphate of 
potauh, whilst ammoniarolum contains sulphate of alumina and sulphate 
of ammonia. 
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blue tint imparted to the latter will indicate the presence of 
potash. Ammonia may be detected by its odour, on boiling 
the alum with potash. 

Acetate of Alumina or Red Mordant is sold in a state of 
•dilution in water. It has an odour of acetic acid (yin^ar), 
reddens blue litmus, and if diluted with much water and 
boile^i, yields a translucent gelatinous precipitate of basic 
acetate of alumina. The presence of acetic acid may be 
proved by the production of a red colour on adding perchloride 
of iron. 

Aluminate of Soda, 3Na,O.AlsO,, is a greyish-white 
opar|ue substance, strongly alkaline to the taste, dissolving 
easily in water, yielding a solution which blues red litmus. 
On adding a single drop of diluted hydrochloric acid, a floccn- 
lent precipitate of alumina appears, but is redissolved by an 
excess of the acid. Addition of ammonia to this solution 
produces the gelatinous precipitate of alumina. 

52. To confirm the presence of zinc, mix the origmal 
solution with ammonia in excess, filter, if necessary, and add 
ferrocyanide of potassium, which produces a white precipitate 
of ferrocyanide of potassium and zinc, generally appearing 
yellow through the excess of ferrocyanide of potassium. 

Potash produces, in solutions of zinc, a white precipitate 
which dissolves easily in excess of potash. 
(Blowpipe test for Zinc, see 267.) 

53. Metallic ZinCy Zn, is easily dissolved by hydrochloric 
acid or nitric acid, the latter serving to distinguish it from 
aluminium (51). 
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Common Compounds of Zinc. 



Names. 


Con^position, 


Sulphate of zinc, or ? 
White vitriol { 

Oxide of zinc, or ) 
Zinc white { 

Carbonate of zinc, or ) 
Calamine ) 

Sulphide of zinc, or ) 
Blende j 

Chloride of zinc 


Oxide of zinc, sulphuric acid, 
Water. 

Zinc, oxygen. 

Oxide of zinc, carbonic acid. 

Zinc, sulphur. 
Zinc, chlorine. 



Sulphate of Zinc, ZnSO^.TAq., is usually met with in 
shining needle-like cryataU which dissolve easily in water. 
The solution reddens blue litmus paper, and has a nauseous 
metallic taste. The sulphuric acid may be detected by 
chloride of barium (Table H). 

2^ne White, ZnO, is insoluble in water, but dissolves in 
hydrochloric acid, usually effervescing slightly from the 
escape of carbonic acid, which the oxide of zinc absorbs from 
the air. When heated, oxide of zinc becomes yellow, but 
resumes its white colour on cooling. 

CarboncUe of Zine, ZnCO,, occurs in nature as Calamine^ 
which has a light brown colour due to the presence of iron. 
It is insoluble in water, but dissolves with effervescence in 
hydrochloric or nitric acid. When the nitric solution is 
mixed with an excess of ammonia, any iron which is present 
will be precipitated as brown hydrated peroxide, and if this 
be separated by filtration, the solution will yield a white pre- 
cipitate with sulphide of ammonium. 

Sulphide of Zinc or Blende, ZnS, also called Black Jack, is 
another ore of zinc, commonly met with in black shining 
dodecahedral crystals, the colour of which appears to be due 
to their containing sulphide of iron. It is not afEected by 
water, and dissolves very slowly in boiling hydioci\iVat\a ^<csA^ 

X 
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evolving the odour of hjdrosulphoric acid. Nitric acid dis- 
•oives it, generally causing the separation of flakes of sulphur; 
the solution behaves as described above in the case of 
calamine. 

Chloride of Zinc^ ZnCl,, is commonly sold in solution 
(Burnett's disinfecting fluid). The chlorine may be detected 
by nitrate of silver (Table H). Solid chloride of zinc is white 
and opaque ; it absorbs moisture rapidly from the air, becom- 
ing wet {deliquesces), 

54. To confirm the presence of manganese, boil the 
original solution with a very little nitric acid* to convert any 
ferrous salt into ferric salt, and add chloride of ammonium 
and a slight excess of ammonia (5). Filter from any preci- 
pitate caused by iron present as an impurity ; test one part 
of the filtered liquid with potassium ferrocyanide, which 
should give a white precipitate ; to the other part add potas- 
sium dichromate, and heat ; a dark brown precipitate indi- 
cates manganese. (Blowpipe test for Manganese, see 268.) 

54a. If the manganese be contained in the original sub- 
stance in the form of manganate or permanganate of potash 
it will not be detected by the Table, but will be recognised 
by the dark green or purple-red colour of the solution. (See 
below.) 

55. Metallic Manganese^ Mn, is very uncommon. It 
resembles iron in appearance, but when heated with water it 
causes effervescence, from escape of hydrogen, accompanied- 
by a very peculiar odour caused by compounds of hydrogen 
with the carbon contained in the metal. 



* The addition of nitric acid may be omitted if tbe original sub- 
stance was dissolved in hydrochloric acid and eyolyed the smell of 
chloriiie. 
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Common Compounds of Manganese. 



Names. 



Binoxide of manganeBe, or > 
Black manganese j 

Sulphate of manganese 



Permanganate of potash 
Manganate of potash 



Composition, 



Manganese, oxjgen. 

K Oxide of manganese, 
{ Sulphoric acid, water. 

i-D • 'J 1 maneanese, 

Permanganic acid •< «^„ * 
Potash ^ "^8*°- 

I Manganic acid \ ^^„ ® „ ' 
Potalh < ^^^«^"- 



Binoxide of Manganese^ MnO,, (or Manganese as it is often 
called) is found in nature, as PyroluMte^ in black shining 
masses often exhibiting prismatic crystals. The oxide is also 
met with in dull dark brown fragments which give a dark 
brown powder. It is not attacked by water, but hydrochloric 
acid dissolves it slowly, evolving a strong smell of chlorine. 
If the solution be iSltered (4) and mixed with ammonia in 
excess, it often gives a brown precipitate of peroxide of iron, 
which is a common impurity of the mineral, and after this 
has been filtered off, the solution will give a buff or flesh- 
coloured precipitate with sulphide of ammonium. 

Sulphate of Manganese^ MnS0^.5H,0, is met with (as an 
artificial product) in crystalline masses of a pinkish colour, 
easily dissolved by hot water, yielding a solution which is 
very nearly colourless. The sulphuric acid may be detected 
by chloride of barium (Table H). 

Permanganate of Potash^ K^Mn^Og, is commonly sold in the 
state of solution {Condtfs disinfectant), known by its magnifi- 
cent purple red colour, which is unchanged by cold diluted 
hydrochloric acid, but vanishes on adding an excess of hydro- 
sulphuric acid, sulphur being separated. If a solution of 
permanganate of potash be mixed with potash and filtered 
once or twice through paper^ the latter becomes \)To\<ii itovcL 

£2 
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the deposition of binoxide of manganese, and a green solution 
of manganate of potash passes through. 

The solid permanganate of potash forms hard prismatic 
crystals which appear almost black, but are reallj dark red 
with a green reHection, and are at once known bj the intense 
purple colour which they impart even to cold water. 

Manganate of Potash, K,MnO^, is met with as a fine green 
solution which becomes red (permanganate) when diluted 
with much water, depositing brown hydrated peroxide of 
manganese. Dilute nitric acid produces a similar change. 

56. Several other substances beside phosphate of lime 
inight also be precij)itated here, but this being far more 
common than any of the others, would be found in most 
cases to compose the precipitate. Phosphate of Alumina 
(112), Phosphate of Magnesia, Oxalate of Lime, and Fluoride 
of Calcium are some other common substances which might 
be met with here. (Phosphate of Baryta and Phosphate of 
Strontia would also be precipitated, but they are very un- 
common.) 

In order to be quite sure that phosphate of lime is present, 
the original solution should be mixed with some acetate of 
ammonia (prepared by adding acetic acid to ammonia until 
it reddens blue litmus paper) and divided into two parts. 

One part is tested with oxalate of ammonia, which will 
produce a white precipitate of oxalate of lime. 

The other part is tested with a drop of perchloride of iron, 
which will give a white precipitate of phosphate of iron. 
. The common form of phosphate of lime, Ca,2P0^, is Bone 
Ash, which is usually sold as a white powder, insoluble in 
water but dissolving easily in hydrochloric acid, with slight 
effervescence, due to the escape of carbonic acid from the 
carbonate of lime always present in bones, and often leaving 
a slight dark residue of charcoal. 

• Superphosphate of Lime, CaH^2P0^, is commonly sold as a 
grey damp powder, which dissolves to a great extent in water 
yielding a strongly acid solution. 
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57. Phosphate of Magnesia would be known by its not 
yielding any precipitate on the addition of oxalate of ammonia, 
as aboTe directed for the detection of lime ; but if an excess 
of ammonia be afterwards added, and the solution briskly 
stirred (6), a crystalline precipitate of ammonio- phosphate of 
magnesia will be deposited. 

Should there be no precipitate, add some phosphate of 
soda, and again stir. If this produces a precipitate, it will 
indicate that magnesia has been precipitated in the wrong 
place, in consequence of too little chloride of ammonium 
haying been added in Table A* 

The only common form of phosphate of magnesia is that of 
ammonio-phosphate or triple phosphate found in calculi, 
MgNH^PO^ ; it is insoluble in water, but dissolves easily in 
hydrochloric acid. 

58. Oxalate of Limey CaC,0^, would be precipitated on 
minting its original solution with acetate of ammonia, since 
it is insoluble in the acetic acid thus set free. 

Oxalate of lime may be easily identified by its not effer-r 
vescing when moistened with hydrochloric acid, unless it has 
been previously heated on a piece of glass or porcelain, when 
it becomes converted into carbonate of lime, which should be 
allowed to cool and tested with hydrochloric acid. It may 
also be tested for oxalic acid according to (114:). 

59. Fhwride of Calcium^ CaF^, or Fluor Spar is met 
with in greenish or purple cubical crystals. Its powder re- 
sembles powdered glass in appearance and feel. It is not 
affected by water, and is dissolved only to a slight extent by 
diluted hydrochloric acid, the filtered solution yielding a 
flocculent precipitate with ammonia. 

When heated on a knife, or thrown upon a hot surface, 
fluor spar generally crackles and files off, at the same time 
emitting a peculiar phosphorescent light, somewhat resem- 
bling that of burning sulphur. It may be tested for fluorine 
according to Table G, 

58^* If chromium be present in the {qrm oi <^\ixo\x\».\j^ ^x 
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bichromate of potash, it will not be detected in the Table, 
but may be recognised by the yellow or red colour of the 
solution, and by the yellow precipitates which it giTes with 
acetate of lead and with nitrate of baryta. 

60« The green solution produced by excess of potash will 
deposit a green precipitate of oxide of chromium when 
boiled. To confirm the presence of chromium, fuse a Teiy 
little of the original substance with nitrate of potash, in a 
small tube (17), when a bright yellow mass of cbromate of 
potash will be produced. This may be dissolved in water, 
and tested with acetate of lead which gives a yellow pre- 
cipitate. 

61. Metallic chromium, Or, is not likely to be met with 
in ordinary analysis. 

CoHHON Compounds of Chromium. 



NatMB, 


Compontion, 


Oxide of chromium 
Chrome iron ore 
Cbromate of potash, and 
Bichromate or potash 

Cbromate of lead, or ) 
Chrome-yellow j 

Chrome-alum 

• 


Chromiam, oxygen. 

Chromium, iron, oxygen. 
J Chromic acid (chromium&oxygen) 
( Potash. 

( Chromic acid, 
( Oxide of lead. 

Oxide of chromium,Bulphuric acid. 
Potash, water. 



Oxide of Chromvumy Cr,0„ is a green powder which is in- 
soluble in water, but generally dissolves, at least partly, in 
hydrochloric acid, yielding a green solution. If it has been 
heated to redness, it is insoluble in hydrochloric and in 
nitric acids, but may be dissolved by boiling it with strong 
nitric acid, and adding a little chlorate of potash, which oxi- 
dizes the chromium into chromic acid, recognisable by the 
yellow precipitate of cbromate of lead which is obtained on 
adding acetate of ammonia (56) and acetate of lead. 

Chrome Iron Ore^ FeCr^O^, is a hard mineral, of a dark 
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hroum or dark green colour, which is aknost insoluble in 
acids, and may be treated in a similar manner to the pre- 
ceding, in order to detect the chromium. 

* 

Chramate of Potash, K,CrO^, forms bright yellow crystaU 
easily soluble in water, giving a yellow solution, which be- 
comes orange red when mixed with hydrochloric acid, from 
the production of bichromate of potash. Hydrosulphurio 
acid added in large excess to the acidified solution converts it 
into green chloride of chromium, rendering it opaque from 
the separation of sulphur. 

Bichromate of Potaahj K,CrO^.CrO,, is sold in large irre- 
gular crystals of a fine orange red colour, easily soluble in 
water. The solution .of this salt also becomes green when 
mixed with hydrochloric and excess of hydrosulphurio adds. 

Chromate of Lead has been described at page 17. 

(7Arom«iiZ«m, KCr2S0^.12Aq., forms dsnk purple crystals, 
which dissolve in water, yielding a purple solution, becom- 
ing green when boiled. 

02. Examples for Practice in Table D. — The following 
substances may be analysed (10) :— 



Chrome alum 
Sulphate of nickel 
IroD pjrites 
Sulphate of manganeBe 
Sulphide of iron 



Oxide of zinc 
Binoxide of manganese 
Common alum 
Sulphate of iroii 



Peroxide of iron 
Sulphate of zinc 
Bone-ash 
Metallic zinc. 



M 
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NOTES TO TABLE X. 

64. To coniSnn the presence of barium, add bydrofluo- 
silicic acid to a portion of the original solution, and stir well 
with a glass rod (6), when a semi-transparent crystalline pre- 
cipitate of silicofluoride of barium will be deposited. 

Or; dissolve the carbonate of ammonia precipitate in acetic 
acid, and add chromate of potash, which produces a yellow 
precipitate of chromate of baryta. 

65. Metallic Barium, Ba, is very uncommon. It speedily 
oxidizes when exposed to the air, becoming converted into 

baryta. 

Common Compounds of Barium. 



Names, 


Composition. 


Sulphate of baryta, or ) 
Heavy spar { 
Carbonate of baryta, or i 
Witherite { 
Chloride of barium 
Nitrate of baryta 
Hydrate of baryta 
Baryta 

Chlorate of baryta 
Chromate of baryta 


Baryta (oxide of barium), sulphuric acid. 

Baryta, carbonic acid. 

Barium, chlorine, water. 
Baryta, nitric acid. 
Baryta, water. 
Banum, oxygen. 
Baryta, chloric acid. 
Baryta, chromic acid. 



Sulphate of Baryta, BaSO^, being insoluble in water and 
acids, will be considered hereafter. 

Carbonate of Baryta, BaCO,,. is found as a greyish-white, 
heavy earthy mineral, insoluble in water,' but dissolving, with 
effervescence, in hydrochloric acid. If a glass rod or a pla- 
tinum wire be dipped into the solution, and held in the 
margin of a flame (70), it will tinge the flame green. The 
artificial carbonate of baryta is a pure white earthy powder, 
which usually gives a milky solution in hydrochloric acid, 
from a slight impurity of sulphate of baryta, not easily 
filtered off. 
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Chloride of Barium or muriate of barytes, BaCl,.2Aq., 
forms transparent flat crystals, which dissolve easilj in 
water. The chlorine may be detected by nitrate of silver 
(Table H). 

Nitrate of Baryta, Ba2N0„ forms colourless cryHals^ 
which are dissolved bj water. When heated in a dry 
tube (17), it evolves brown fiimes of nitric peroxid^ and 
leaves an infusible residue of baryta. 

Hydrate of Baryta, BaH,0„ is sold either in colourless 
crystals or as a white powder. The crystals soon become 
opaque when exposed to the air, losing water and absorbing 
carbonic acid. Hydrate of baryta dissolves easily in water, 
yielding a strongly alkaline solution, soon rendered milky bj 
the carbonic acid of the air, especially if shaken in a test- 
tube which has been breathed into. 

Baryta, BaO, is sold as a grey porous solid, which be* 
comes very hot when moistened with water, and crumbles to 
a white powder of hydrate of baryta. 

Chlorate of Baryta, Ba2C10,, forms colourless crystals 
soluble in water. Hydrochloric acid colours the solution 
yeUow, on applying heat, by decomposing the chloric acid, 
and evolves a chlorous smell. Hydrosulphuric acid added 
to this solution yields a white deposit of sulphur. Strong 
sulphuric acid reddens the chlorate, and causes explosion on 
heating. 

Chromate of Baryta, BaCrO^, is a bright yellow powder, 
insoluble in water, but soluble in hydrochloric acid, giving • 
yellow solution, which becomes green when heated with 
alcohol or allowed to remain in contact with metallic zinc, 
chloride of chromium being formed. 

66. To conlSrm the presence of strontium, apply the 
coloured flame test (70) to the original substance. 

67. Metallic Strontium, Sr, is a rarity^ it is soon ooo* 
verted into strontia by absorbing oxygen from the air. 
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Common Compouhds of Strontium. 



Names, 


Oon^pontion. 


Nitrate of ■th>Dtia j 

Solpbate of strontia, or ) 
Celestine ( 

Carbonate of atrontia, or ) 
Strontiaiiite ) 


Strontia (oxide of ftrontiQin), 

Nitric acid, 

Water. 

Strontia, ■nlpharic acid. 
Strontia, carbonic acid. 



Nitrate of Strontia^ Sr2NO,.5Aq., torxnA cdcurlesB crystals, 
which are easily dissolved by water ; paper dipped into the 
solution and held in the margin of a flame (70) will colour it 
with flashes of crimson.* 

When heated in a dry tube (17), nitrate of strontia CTolves 
water and brown fumes of nitric peroxide, leaving an infu- 
sible residue of strontia. Nitrate of strontia which has 
been crystallized by boiling down its solution contains no 
water. 

Sulphate of Strontia, SrSO^, being nearly insoluble in 
water and adds, will not be considered here. 

Carbonate of Strontia, SrCO^ is usually found as a greenish 
mineral, which is insoluble in water, but dissolves in hydro- 
chloric acid with eflervescence. Paper dipped into the solu- 
tion colours flame crimson'*' (70). 

68. Oxalate of Ammonia also forms precipitates in solu- 
tions containing barium and strontium, so that it can never 
be used as a test for calcium, unless the absence of those 
metals has been previously ascertained. 

68. Metallic Calcium, Ca, is not likely to be met witii 



* Some care is reqatsite to avoid mistaking the orange-red tint which 
eakiom imparts to flame, for the crimKon of stTondum, 
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in ordinary analysis ; it quickly absorbs oxygen from the air, 
and is converted into lime. 



Common Compounds of Calcium. 



Namti. 


Composition. 


— 


Lime, or 
Quick lime 


} 


Calcium, oxygen. 


Ylydrate of lime, or 
Slaked lime 


} 


Lime, water* 




Carbonate of lime, or 
Chalk 


! 


Lime, carbonic acid. 




Sulphate of lime, or 
Gypsum 


1 


Lime, sulphuric acid, water. 




Chloride of calcium 




Calcium, chlorine. 




Chloride of lime, or 
Bleaching powder, or 
Hypochlorite of lime 


} 


( Lime, hypochlorous acid, 
< Chloride of calcium, 
{ Water. 




Oxalate of lime 
Phosphate of lime 
Superphosphate of lime 
Fluoride of calcium 




Lime, oxalic acid. 
Lime, phosphoric acid. 
Lime, phosphoric acid, water. 
Calcium, fluorine. 





Quick Lime J CaO, is a greyish white earthy solid, which 
becomes hot when moistened with water, and crumbles after a 
time to a white powder of hydrate of lime. 

Hydrate of Limey CaH,0„ is a light white powder, which is 
not visibly dissolved by water, but dissolves easily in hydro- 
chloric acid, usually effervescing slightly, from the presence 
of a little carbonate of lime. When shaken with cold water, 
and filtered, hydrate of lime gives a solution which turns 
red litmus blue, and becomes milky when shaken in a tes^ 
tube which has been breathed into, from the precipitation of 
carbonate of lime. 

Lime-water may be recognised by the test just given. 

Carbonate of Lime, CaCO,, occurs in nature in several 
forma, all of which, hoVever, are insoluble in water, but dis- 
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solve easily in hydrochloric acid, with brisk effervescence 
from escape of carbonic acid. 

Limestone and Chalk, which are the most impure of the 
natural varieties of carbonate of lime, generally yield a 
slight flocculent precipitate of alumina when their hydro- 
chloric solution is tested with ammonia, and a green tinge, 
from the presence of iron, when sulphide of ammonium is 
added to the ammoniacal liquid. Marble, Iceland Spar, and 
prepared chalk, which are purer forms of the carbonate, do 
not behave in the same way. , 

Magnesian Limestone, or Dolomite, CaMg2C0,, which con- 
tains the carbonates of lime and magnesia, may be identified 
by dissolving it in diluted hydrochloric acid, adding chloride 
of ammonium, ammonia, and carbonate of ammonia, to pre- 
cipitate the lime, boiling, filtering, and testing the solution 
for magnesia with phosphate of soda, after proving, by the 
addition of oxalate of ammonia, that all the lime has been 
separated. 

Sulphate of Lime, CaSO^, does not visibly dissolve in water, 
although if the solution be filtered, a small quantity of the 
salt will be found in solution. The sulphuric acid may be 
detected by chloride of barium (Table H). Hydrochloric 
acid dissolves it to a greater extent, but, unless afber prolonged 
boiling, it might easily be concluded that sulphate of lime was 
not dissolved by water or acids, so that it is often found among 
substances of that class (Table I). 

The several varieties of sulphate of lime differ considerably 
in appearance. 

Oypsum, CaS0^.2H,0, is a greyish-white, opaque, earthy, 
brittle mineral. 

Fibrous gypsum is made up of parallel silky fibres, which 
are white, grey, or pink. 

Selenite is transparent, or nearly so, either colourless, or 
brownish-grey in colour, and easily split into plates with a 
kidfe. 

Plaster of Paris (calcined gypsum"^ ia a ^u^ "wYiYXft ^^^t^t 
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which sets into a solid mass after a few minutes, if mixe^ 
with water to a thin paste. 

Chkride of Calcium is sold in three forms. The cry*^^ 
tallized chloride, CaCl,.6Aq., forms colourless transparen'O 
crystaLs which rapidly absorb water from the air, and ar^ 
extremely soluble in water. Another variety is the porou^' 
chloride, forming a white or greyish- white porous mass^ 
CaCl,.2Aq., which becomes wet (deliquesces) very rapidly 
when exposed to air, and dissolves easily in water. The 
fused chloride, CaCl,, has similar properties, but is a grey 
fibrous crystalline solid. 

The chlorine may be detected by nitrate of silver. 
(Table H.) 

Choride of Lime^ or bleaching powder, 2CaHC10,.CaCl,. 
2H,0, is a white earthy powder, which has a strong smell of 
hypochlorous acid, resembling that of chlorine. It is partly 
dissolved by water, and entirely by hydrochloric acid, with 
effervescence, evolving a powerful odour of chlorine. Litmus 
paper is at once bleached by the solution. 

Oxalate of Lime^ CaCjO^, in a pure state, is a white 
powder, insoluble in water, but soluble in hydrochloric acid. 
The method of identifying it has been described at (58). 

Phosphate and Superphosphate of Lime have also been 
described at (56). 

Fluoride of Calcium will be found described at (59). 

70. Coloured Flame Test, — ^Although this test will be 
more fully described in the Exercises with the Blowpipe, it 
is necessary to refer to it here, because it affords so valuable 
a confirmation of the results obtained by liquid tests in 
Table E. 

The chlorides of the metals furnish the most distinct 
coloured flames, since they are more easily vaporized and 
mingled with the gases of the flame, when the hydrogen 
abstracts the chlorine, and the metallic vapour bums with its 
characteristic tint. Hence the substance to be tested shoillA 
be dissolved, if possible, in hydrochloric acid. 
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^The best flame for this test is tHat of a Bunsen^s air- 
blumer (fig. 23) ; but if this be not at hand, a fair substi* 

Fie. 24. 
Fio.23. 




Bunsen's Bamer. 



tute may be made by placing a small glass funnel (a, fig. 24), 
^"^'^ a rather wide neck, over a gas-burner, as shown in 
"^' 24, where (5) is one of the flattened burners often em- 
ployed for blowpipe experiments. The funnel is placed over 
^^ jet before the gas is lighted ; the gas is then turned on 
^ ^ moderate extent, when it mixes with the air passing up 
"trough the funnel, and by gradually diminishing the supply 
^* gas, it may be made to burn with a nearly non-luminous 
"aixie, in the margin of which the glass rod, or, better, 
P*atinuni Yrire (74), moistened with the liquid under exami- 
^tiion, should be held. 

Fig. 26. 




If a roimd gas jet {(ig. 25) be employed, th^ fviwv^l tkvx&\» 
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be supported, so that a passage for air may be left betweer 
the glass and the jet. 

Fie. 26. 




A spirit-lamp (fig. 26) may be used when gas is not 
attainable, though it does not give so good results as the 
gas-£lame. 

71. Examples for Practice in Table jff. — The following 
compounds may serve as exercises in this Table (1 0) : — 



Chloride of barium 
Nitrate of strontia 
Carbonate of baryta 



Chloride of calcium 

Carbonate of lime (chalk or marble) 

Sulphate of lime (plaster of Paris. 



TABLE F. 
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PLATINUM WIRE. 



EXPLANATIONS AND INSTRUCTIONS ON 

TABLE F. 

73. The precipitation of potassium witH tartaric acid or 
bichloride of platinum, and of sodium with antimoniate of 
potash, is more readily effected by stirring on a slip of glass 
than in a test tube. 

Take a clean, dry slip of window-glass ; dip a glass rod (6) 
into the solution to be tested, and place the drop so withdrawn 
upon the slip of glass. Wipe the rod clean, and dip it into the 
test, placing the drop withdrawn by the side of the other; 

notice that both drops 
are clear, and stir 
them briskly together 
with the end of the 
glass rod, which 
should be moved in 
circles, but not hard 
enough to scratch the 
glass (fig. 27). The preci- 
pitate will then be deposited 
in lines (fig. 28) upon those 
parts of the slip of glass 
which have been rubbed by 
the rod. 

74. The platinum wire for this purpose should be very 
thin, so that one inch may weigh i grain. A piece about 
three inches long should be fixed into a glass handle, which 
is conveniently made by softening the centre of a narrow 
glass tube in the blowpipe-flame (fig. 15), drawing it out 

Fie. 29. 




Fio. 27. 




Fio. 28. 




to a narrow neck (fig. 19), and cutting it ofif at a; the pla- 
tinum wire is then inserted (fig. 29), and the glass fused 
round it by a gentle heat. 
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Since aU platinum wire which has been fingered tinges 
flame yellow (sodium having been derived from the perspi- 
ration of the skin), it must be cleansed before use by holding 
^^ iri the margin of the flame until a yellow tinge is no longer 
visible. 

NOTES TO TABLE F. 



Ammonium, NH^, is not known to have any separate 
existence, but it is often very convenient to represent the 
nit;i-ogen and hydrogen in the salts of ammonia, as existing in 
the form of a compound metal, capable of taking the same 
P^i^ in the composition of those salts as is taken by potassium 
*^<i sodium in their salts. 

Common Compounds of Ammonia. 




Solution of ammonia, or 
XAquor ammonias 

Carbonate of ammonia 
Sulphate of ammonia 
filtrate of ammonia 
Sulphide of ammoniam 
Cbloride of ammoniam, or 
Sal-ammoniac 
Oxalate of ammonia 



Composition. 



\ Ammonia, 
i Water. 

Ammonia, 
Ammonia, 
Ammonia, 
Ammonia, 

Ammonia, 

Ammonia, 



{Nitrogen, 
Hydrogen. 

water, carbonic acid, 
water, sulphuric acid, 
water, nitric acid, 
hydrosulphuric acid. 

hydrochloric acid. 

water, oxalic acid. 



Solution of Ammonia, NH^ has the strong odour of harts- 
horn, does not efEenr^sce with dilute hydrochloric acid, and 
leaves no michie when evaporated on a slip of glass. 

Chlorids of Ammonium, or muriate of ammonia, or hydro- 
chlorate ofammcnia, or sal-ammoniac , NH^Cl, is sold either 
in white crystals or in translucent fibrous masses, usually 
stained brown in places. It is very easily dissolved by water. 
It has no ammoniacal smell, and when heated on a knife 
or a slip of glass, it evaporates in white fumes without 
melting. The chlorine may be detected with nitrate of 
sUver. (Table H.) 

f2 
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Carbonate of ammonia^ or seaquicarhonats of ammonia^ or 
Preston salts^ 2(NHJjC03.COj, has a powerful odour of 
ammonia. It is usually sold in white opaque lumps, which 
are transparent when freshly prepared. Carbonate of am- 
monia dissolves easily in water, yielding a solution which, 
blues red litmus paper, and effervesces violently witb. 
hydrochloric acid, in consequence of the escape of carboni<5^ 
acid. 

Sulphate of ammonia, (NH^)^SO^, forms prismatic crystals^ 
which are colourless when pure, but in their impure stat^ 
have a brownish colour. It dissolves easily in water, and^ 
has no ammoniacal odour. The sulphuric acid may b^ 
detected by chloride of barium. (Table H.) 

Nitrate of Ammonia, NH^NO^, is sold either in colourless 
crystals or in opaque fused masses. It does not smell o:^ 
ammonia, and becomes damp on exposure to air; easily 
soluble in water. When heated on a slip of glass, it melt^ 
very easily, boils, and passes off entirely as nitrous oxide ga^ 
and steam. The nitric acid may be detected as in Table U- 

Sulphide of Ammonium, or hydrosulphate of ammomat, 
(NH J,S, is common in a state of solution only. 

The solution is yellow (though colourless when quite 
freshly prepared), and has a very offensive ammoniacal smell, 
and an alkaline reaction. The addition of hydrochloric acid 
causes a milkiness, due to the precipitation of sulphur, and 
an escape of hydrosulphuric acid, recognised by its odour. 

Oxalate of Ammonia, (NH^)jC,O^.Aq., forms shining, white, 
needle-like crystals, which are free from ammoniacal smell, 
and dissolve easily in water. The oxalic acid may be detected 
according to Table H. 

76. The precipitate produced by tartaric acid is the 
bitartrate of potash, KHC^H^O,. The (yellow) precipitate 
produced by platinum chloride is the platinochloride of potas- 
sium, 2KCl.PtCl^. Since ammonium is precipitated by the 
same tests, it is absolutely necessary to prove its absence 
before testing for potassium. 
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Shonld platinum cHloride produce a dark red colour, iodine 
'8 probably present. (See Iodide of Potassium (77).) 

77. Metallic Potassium, K, is not met with in ordinary 
analysis. It is oxidized immediately by exposure to air, 
*^<i takes fire in contact with water, burning with a violet 

CoHHOM Compounds of Potassium. 



Names. 



titrate of potash, or 
Saltpetre 

Carbonate of potash, or ) 
Pearlash { 

Bicarbonate of potash 
Sulphate of potash 
Bisniphate of potash 
Chlonde of potassium 
Hydrate of potash 
Bitartrate of potash 
Chromate of potash ) 

Bichromate of potash ( 

Chlorate of potash 

Ferrocjanide of potassium, or I 

Prussiate of potash ; 

Ferridcyanide of potassium, or ) 
Bed prussiate of potash | 

Cyanide of potassium 

Iodide of potassium 
Acid oxalate of potash 
Silicate of potasn 
Soft soap 



CompoHition. 



j Potash 4 ^"**^«"'"*' 
^ ( Oxygen. 

( Nitric acid. 

Potash, carbonic acid. 

Potash, carbonic acid, water. 
Potash, sulphuric acid. 
Potash, sulphuric acid, water. 
I'otAssium, chlorine. 
Potash, water. 
Potash, tartaric acid, water. 

Potash, chromic acid. 

Potash, chloric acid. 

Potassium, cyanogen { ^"-j^^ 

Iron, water. 

Potassium, cyanogen, iron. 

Potassium, cyanogen \ guro^'n. 

Potassium, iodine. 
Potash, oxalic acid, water. 
Potash, silicic acid. 
Potash, oleic acid, water. 



Nitrey or nitrate of potash, KNO,, is easily soluble in 
Mrater^ and readily deposits in prismatic crystals from a hot 
Und strong solution allowed to cool. 

Placed on the point of a knife and held in the margin of 
a flame (70), it melts^ boils, and colours the flame blue Nvole^*. 
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Heated in a diy tube (17), it easily melts to a clear liquid, 
in which a piece of wood or paper burns with vivid deflagra- 
tion. Brown nitrous fumes may afterwards be seen and 
smelt in the upper part of the tube. 

The nitric acid may be detected according to Table H. 

Nitre is met with in commerce in several forms. 

The grough, or impure nitre, as imported from India, con- 
sists of small brownish irregular crystals, owing its colour to 
the presence of vegetable matter from the earth out of which 
it is extracted. 

The common saltpetre of the shops forms colourless irre- 
gular crystalline lumps. 

Refined saltpetre forms colourless prismatic crystals, often 
marked with longitudinal grooves, or else a pure white crys- 
talline powder {saltpetre flour). 

Sal Prunelle is saltpetre which has been melted and cast 
into the form of opaque white bullets. 

Chlorate of Potash^ KClOj, forms colourless flat crystals. It 
is not easily soluble in cold water. Hot water dissolves it, 
but readily deposits it in flat crystals on cooling. The solu- 
tion of chlorate of potash becomes yellowish and emits a 
chlorous odour when heated with hydrochloric acid, the 
chloric acid being decomposed, and when hydrosulphuric 
acid is added to the acidified solution, a white milky preci- 
pitate of sulphur is obtained. 

Heated in a dry tube (17), it easily melts to a clear liquid, 
which soon boils and evolves oxygen, recognised by its 
kindling into a blaze a spark at the end . of a match held at 
the mouth of the tube. 

Carbonate of Potash^ K^CO,, soon becomes damp (deli- 
quesces) when exposed to air, from absorption of water. It 
dissolves easily in cold water, yielding a very alkaline solu- 
tion which effervesces briskly on adding hydrochloric acid. 

The carbonate of potash which is known as American pot- 
ash, or pearlash, forms bluish-white half-fused lumps. Sidt 
of tartar is a white crystalline powder. 
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Bicarhonafe of Potash, KHCO,, is sold either in transparent 
prismatic crystals, or as a white powder. It does not deli- 
quesce in air, dissolves less easily in cold water than the car- 
bonate, and the solution is not so strongly alkaline. 

When the solution of bicarbonate of potash is heated to 
boiling, it efiervesces slowly, from the escape of carbonic 
acid. If solution of sulphate of magnesia be added to a 
solution, of bicarbonate of potash (prepared with cold water) 
it does not produce a precipitate until the solution is boiled, 
whilst the carbonate of potash produces a precipitate without 
boiling. 

Sulphate of Potash, K^SO^, forms hard, colourless, prisma- 
tic crystals, which da not dissolve very quickly in cold water. 
Its solution does not redden blue litmus paper. 

Bisulphate of Potash, KHSO^, dissolves more easily in 
water, yielding a strongly acid solution, reddening blue 
litmus paper. 

Chloride of Potassium, KCl, forms white cubical crystals, 
which crackle (decrepitate) when heated on a slip of glass, 
and dissolve very easily in cold water. The chlorine may be 
detected by nitrate of silver (Table H). 

Hydrate of Potash, KHO {caustic potash, or potassa fitsa), 
is sold either in lumps or round sticks somewhat resembling 
porcelain, and generally cream-coloured (older samples have 
a blue colour). It becomes wet almost immediately when 
exposed to air, and dissolves very quickly in cold water, pro- 
ducing much heat, and a strongly alkaline solution. 

The liquor potassce, or solution of potash, generally con- 
tains a little carbonate of potash, but it may be distinguished 
from a solution of that salt by its not effervescing with the 
first drop or two of hydrochloric acid, the carbonic acid not 
escaping until the whole of the hydrate of potash has been 
neutralized. Mercuric chloride gives a bright yellow preci- 
pitate with the solution of potash. Nitrate of silver gives a 
(lark brown precipitate. 

Bitartrate of Potash, or Cream of Tartar^ KHCJI^^, is 
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soluble with aome difficulty in cold water, but dissolves in 
boiling water, and is deposited in shining crystals on cooling. 
The solution reddens blue litmus paper. Hydrochloric acid 
easily dissolves it. When heated on a slip of glass, or the 
blade of a knife, bitartrate of potash blackens, from the sepa- 
ration of charcoal, and emits a peculiar odour of burnt 
sugar, due to the decomposition of the tartaric acid. The 
residue, when moistened with water, turns red litmus blue, 
and effervesces strongly with hydrochloric acid, the bitartrate 
of potash having been converted into carbonate. 

Cream of tartar is a white crystalline powder. 

The impure Bitartrate of Potash, known as Argol, is sold 
in irregular crystalline lumps of a bi;gwn or dark purple 
colour, derived from the grape-juice which deposits it. Such 
Argol oflen contains much tartrate of lime. Refined Argol 
forms white crystalline lumps. 

Chromate and Bichromate of Potash "were described at (61). 

Ferrocyanide of Potassium, K^C,N^Fe.3Aq., is sold in 
yellow crystalline masses.. It dissolves easily in water to a 
yellow solution, which becomes blue when mixed with hydro- 
chloric acid and warmed, at the same time evolving the 
peculiar odour of prussic acid. Perchloride of iron gives a 
dark -blue precipitate of Prussian blue with the solution of 
ferrocyanide of potassium. 

Ferridcyanide, or Ferricyanide of Potassium, K^C^N^Fe, 
forms dark-red prismatic crystals, which dissolve easily in 
water, giving a green solution. The solution gives an 
intensely blue precipitate with sulphate of iron. 

Cyanide of Potassium, KCN, is sold in white porcelain-like 
masses or sticks, which smell of prussic acid, and slightly of 
ammonia, resulting from decomposition. The cyanide soon 
becomes damp in air, and dissolves very easily in cold water. 
The solution is strongly alkaline. Commercial cyanide of 
potassium always contains carbonate and cyanate of potash, so 
that it effervesces strongly on addition of hydrochloric acid, 
evolving a poweriul odour of prussic acid. 
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The cyanogen may be detected according to (98). 

Iodide of Potassium^ or hydriodate of potash, KI, forms 
white cubical crystals, often brownish after exposure to the 
air of the laboratory, from separation of a little iodine. It 
dissolves very easily in cold water. If the solution be boiled 
with a little nitric acid, it evolves violet vapours of iodine. 

Acid Oxalate of Potash, or salt of sorrel, or essential salt 
of lemons, may be either the binoxalate, KHC,O^.Aq., or 
quadroxalate of potash, KH,2Cj0^.2Aq. It forms hard 
white crystals, not easily dissolved by cold water, but soluble 
in hot water, yielding a solution which strongly reddens blue 
litmus. When heated on a knife-blade or a slip of glass, the 
oxalate (is not blackened, like the bitartrate, but) is converted 
into carbonate of potash, which may be recognised by its 
strongly bluing moistened red litmus, and effervescing when 
moistened with hydrochloric acid. 

Silicate of Potash, K^SiO^, or Soluble Glass, is sold either 
as a gummy liquid or in fused masses, which dissolve slowly 
in water. The solution of silicate of potash is strongly alka- 
line ; when diluted hydrochloric acid is gradually added to 
it, slight effervescence generally takes place, from the presence 
of a little carbonate of potash, and when the solution is 
nearly neutralized, the silicic ncid begins to separate in the 
gelatinous form, especially on heating, sometimes converting 
the whole solution into a jelly. The presence of silicic acid 
may be established beyond doubt according to (118). 

Soft Soap, or Oleate of Potash, KC^gH^jO^, is known by 
its peculiar appearance and smell. It dissolves in water, 
yielding an alkaline solution, which becomes milky with 
diluted hydrochloric acid, from the separation of oleic acid. 
On boiling the acidified solution, the oleic acid collects on 
the surface as an oily layer. 

78. Since a very minute quantity of sodium will impart 
a distinct yellow colour to flame, it often happens that a little 
of this substance present as an impurity is regarded by the 
inexperienced analyst as an essential constituent of tbe sub- 
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Stance under examination. To avoid error, some collater^ 
evidence must be sought for. Thus, it should be aace^:^*' 
tained whether the substance under examination possess^^ 
the characters of any of the compounds of sodium describe -^ 
in (80). 

If the original solution be neutral or alkaline to test-pape^r" 
and no metal has been found by the application of any pr^ - 
vious tests, then it may be inferred, if the substance impart ^ 
a distinct bright yellow colour to the flame, that sodium is av3 
essential constituent of it. 

79. Although an timoniate of potash is a very excellen-t; 
test for sodium, when the solution is freshly prepared, it does 
not answer so well in dilute solutions containing sodium, if 
the autimoniate has been kept for some time in solution. 
Another objection to the test is the circumstance that very 
small quantities of lime, and some other bases, will give bulky 
precipitates with the an timoniate of potash, altogether mis- 
leading the analyst. Free acids also cause a milky precipi- 
tate of antimonic acid. 

80> Metallic Sodium^ Na, is a soil metal, with a silvery 
lustre when freshly cut, but tarnishing with extreme rapidity 
when exposed to air. Thrown upon water, it fuses, and the 
silvery globule floats over the surface, emitting a hissing 
sound, from. the escape of hydrogen ; on applying a light, the 
hydrogen burns with a bright yellow flame. 

For the common compounds of sodium, see next page. 
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Common Compounds of Sodium. 



Names. 



Carbonate of soda 

Bicarbonate of soda 
Hydrate of soda, or 



Caustic soda 

Soda-ash 

Common salt 
Sulphate of soda 
Nitrate of soda 
Sulphite of soda 
Hyposulphite of soda 

Chloride of soda 

Phosphate of soda 
Anteniate of soda 
Biborate of soda, or 
Borax 

Silicate of soda 
Tnngstate of soda 
Soda-soap, or 
Hard soap 



} 



; 



Compoaitum. 



\ Soda (oxide of sodium), 
} Carhonic acid. 
Soda, carhonic acid, water. 

Soda, water. 

! Hydrate of soda. 
Carbonate of soda. 
Sodium, chlorine. 
Soda, sulphuric acid. 
Soda, nitric acid. 
Soda, RulphurotiB acid, water. 
Soda, hyposulphuruus acid, water. 

{Hypochlorite of soda, 
Chloride of sodium, water. 
Soda, phosphoric acid, water. 
Soda, arsenic acid, water. 

Soda, boracic acid, water. 

Soda, Kilicic acid. 

Soda, tungstic acid. 
\ Soda, stearic, oleic, or palmitic 
) acid, water. 



Carbonate of Soda, Na^CO^, dissolves easily in water, 
yielding a strongly alkaline solution, which efPervesces 
strongly, from escape of carbonic acid, when hydrochloric 
acid is added. 

Common tvashing-soda, Na,CO,.10Aq., is crystallized 
carbonate of soda, containing nearly two-thirds of its weight 
of water. The crystals effloresce, or become opaque at the 
surface when exposed to the air, from loss of water. When 
heated on a knife or a slip of glass, crystallized carbonate of 
soda melts, boils, evolves much steam, and leaves a white 
dry residue, which requires a blowpipe-heat to fuse it. 

The carbonate of soda in powder, which is sold by the 
druggist, is a bicarbonate of soda, NaHCO,, which is less 
easily dissolved by water than the true carbonate ^ the solu- 
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tion is not so strongly alkaline, and eflEervesces when boiled, 
from escape of carbonic acid. It may also be distinguished 
from the true carbonate by testing it with sulphate of mag- 
nesia. See Bicarbonate of potash. 

Hydrate of Soda^ NaHO, or Caustic Soda is commonly 
sold in opaque white fused masses which rapidly absorb mois- 
ture from the air. It dissolves very easily in water, evolving 
heat, and yielding a very strongly alkaline solution which 
effervesces very slightly, if at all, with hydrochloric acid. 

Soda- Ash is a mixture of carbonate of soda and hydrate of 
soda, which has the appearance of earthy lumps or coarse 
powder. It dissolves in water, generally leaving a slight 
flaky residue of impurities, including some particles of car- 
bonaceous matter. Its solution does not effervesce on the 
addition of the first two or three drops of hydrochloric acid, 
these being neutralized by the hydrate of soda, but a further 
addition of the acid decomposes the carbonate of soda, with 
effervescence. The solution generally contains traces of 
alumina and lime. 

Common Salt or Chloride of Sodium, NaCl, is of course 
easily recognised by its taste. It is readily soluble in cold 
water. The chlorine may be detected by nitrate of silver 
(Table H). 

Sulphate of Soda or Glauber's Salty NajSO^.lOAq., is 
usually sold in transparent prismatic crystals, which soon be- 
come opaque {effloresce) when exposed to the air, from loss 
of water of crystallization. It dissolves easily in water. 
The sulphuric acid may be detected with chloride of barium 
(Table H). 

Salt-cake is fused sulphate of soda, Na^SO^, and forms 
opaque white masses which are much less pure than the 
crystalline sulphate, so that they do not give a clear solution 
in water, and the solution is acid, from the presence of some 
bisulphate of soda. 

Nitrate of Soda, NaNO,, or Peruvian or Chili saltpetre or 
truhc nitre, forma colourless crystals \ the crude salt, how- 
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ever, is often brown or grey. It becomes moist when ex- 
posed to air, and dissolves very easily in water. Placed on 
the point of a knife, and held in the margin of a flame, it 
Colours it intensely yellow. When heated in a dry tube, it 
behaves like nitrate of potash (77). The nitric acid may be 
detected according to Table H. 

Sulphitfi of Soda, Naj,S0j.7Aq., when freshly prepared, 
forms transparent crystals, but they soon become opaque at 
the surface when exposed to air. It dissolves easily in water, 
yielding a solution which turns red litmus paper blue, and 
has a decidedly sulphurous taste. On adding diluted hydro- 
chloric acid, the solution evolves the odour of sulphurous 
acid, and hydrosulphuric acid renders the acidified solution 
milky by causing the separation of sulphur. 

Hyposulphite of Soda, Na,S,0,.5Aq., forms brilliant 
transparent crystals which dissolve very easily in water. On 
adding diluted hydrochloric acid to the solution, it slowly 
becomes milky and acquires a yellow colour, from the sepa- 
ration of sulphur, the odour of sulphurous acid being per- 
ceptible at the mouth of the tube. 

Hypochlq^te of Soda, NaClO, is always sold in solution 
under the names of Chloride of Soda and Liquor Sodce 
Chlorinatce. It has a strong smell of hypochlorous acid 
(somewhat resembling that of chlorine). On adding diluted 
hydrochloric acid, it becomes yellowish and evolves a power- 
ful odour of chlorine. Test-papers are at once bleached by 
the acidified liquid. 

Phosphate of Soda (common phosphate, orthophosphate, or 
rhombic phosphate of soda, Na,HP0^.12Aq.) forms trans- 
parent crystals, which effloresce, or become opaque from loss 
of water, when exposed to the air. It dissolves easily in 
water, and the solution turns red litmus paper blue. The 
phosphoric acid may be detected according to Table H. 

Arseniate of Soda has been described at (35). 

Bihorate of Soda or Borax, Na,0.2BjOj.lOAq., is com- 
monly sold either as a white powder, ot m \»i^TL^'^^\^\i\» 
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crystals which lose water and become opaque when exposed 
to air. It dissolves easily in water, and the solution turns 
red litmus paper blue. When heated on a knife or a slip of 
glass, it melts and swells up, evolving steam, and leaving a 
white porous mass. When fused in the blowpipe-Hame in a 
loop of platinum wire (243) it forms a bead of glass which 
remains transparent on cooling. The boracic acid may be 
detected according to Table H. 

Glass of Borax or vitrified borax, Naj0.2BjO,, forma 
transparent or senii-transparent glassy masses, which are 
dissolved slowly even by boiling water, and require the blow- 
pipe-flame to eflect their fusion. 

Silicate of Soda, Na^SiO^, or Soluble Glass is generally 
sold as a greyish gummy solution, which behaves in the 
same manner as the solution of silicate of potash (p. 73). 

Tungstate of Soda, NajW0^.2Aq., is commonly sold in 
opaque, irregular crystals, which dissolve easily in water, 
yielding an alkaline solution, which gives a white precipitate 
of tungstic acid on adding diluted hydrochloric acid ; if a 
piece of zinc be placed in the solution to which an excess of 
hydrochloric acid has been added, a beautiful blue oxide of 
tungsten is gradually formed. 

Soda-soap is soluble in warm water, giving a solution 
which turns red litmus paper blue, and gives a white pre- 
cipitate of stearic acid on addition of hydrochloric acid. 
When this precipitate is boiled in the liquid, it collects as an 
oily layer upon the surface. 

81* Examples for practice in Table V^ — The following 
substances may be analysed for practice (10) : — 



Chloride of ammonium 
Bicarbonate of potash 
Chloride of sodium 
Biborate of soda 



Carbonate of soda 
Carbonate of potaill 
Snlphate of S(H]a 
Nitrate of potash. 
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82 EVAPOKATIOR. 0^ BUBNERB. 

NOTES TO TABLES O AND H. 

84. 3^ evaporate a tohttion. — Pour the solution ii 
evaporaling ditk (a, fig. 30), supported on the rini 
retort-stand {b), and applj a moderate heat. 





If the residue spirts about as the evaporation draw; 
close, place the dish upon an empt; metal pot (fig. 
equalize the heat over its under surface, and let it r 
there till thoroughly dry. 

Gas-lamps are hj far the most couTenient for erapo 
solutions. 

The Jrgand hunter (fig. 32) is one of the best for g 
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ise. It should be made ao tliftt b^ unscreving the bnmar, 
. pUin jet (fig. 33) for blowpipe experiments may be ob- 




tained. A brass chimney (e, fig. 32) may be mode to drop 
loosely over the bnmer, resting upon ita ahonlder (a), so aa to 
incteue the temperature for some operations. It is alio con- 
venient to have a brass ring (6), holding a piece of iron wire 
pue (with about 400 meshes to the square inch) which may 
be dropped over the chimney (fig. 34), and the gaa lighted 
abore it, so aa to obtain the very hot smokelesa flame of the 
■xixtore of gaa and air. It is not advisable, however, to use 
this Same for email eraporationa, since it over^beata the sides 
'>Uht dish and cracks it. 

Vn. M. Fia. St. 

Obu* bvivtir. BunMo'» humw. 

The Bwuen'» burner (fig. 36) fJamishes o, very hot smofee- 
Im flune, produced by the admixture of air with the 
laa. A burner on the same principle may be extemporized 
with a glaw funnel and a plain gas-burner, as described 
at (70). 

By twisting a band of folded paper round the lower ^art of 
q2 
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the Bunsen*8 burner, so as to close the air-holes, a ImninooB 
flame fit for blowpipe work may be obtained. Such an ar- 
rangement also allows the burner to be used with a smaller 
supply of gas. 

Fig. 96, Where gas is not to be ob- 

tained,* a spirit lamp (fig. 36) 
may be used for evaporation, or 
even a common candle-flame, if 
the dish be supported at some 
little distance above the flame so 
that it may not be smoked. 

85. An organic substance is 
a substance of animal or vege- 
table origin ; such substances 

commonly carbonize when heated (17). 

86. Since the action of sulphuric acid upon some sab- 
stances is very violent, care is requisite in this experiment; 
the test-tube should not be held near the face, and a small 
quantity of the substance should be employed. 

87. Hydrochloric and hydrofluoric acid gases are per- 
fectly transparent in the test-tube, but as soon as they escape 
into the air, they attract particles of moisture, in company 
with which they condense into clouds. Hydrobromic and 
hydriodic acid gases also yield clouds in moist air, but they 
are generally accompanied by the brown vapour of bromine 
or the violet vapour of iodine. 

88. The presence of fluorine in a substance (giving rise 
to the evolution of hydrofluoric acid) may be confirmed by 
placing a little of it, in fine powder, upon a slip of glass, 
moistening it with strong sulphuric acid, and warming i^ 
gently for a minute or two. After cooling, the slip of glass is 
thoroughly washed, wiped dry, and held so that tJie eye may 
glance over its polished surface, when the spot previously 

• A very convenient snpplj of portable gas is now famished by Mr. 
Orchurd, of High Street, Kensington, compressed in safe wronght-iron 
cjrliuden, each containing 15 cubic ieet o^ ^«a. 
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1 by the substance will be found to have entirely lost 

(h if fluorine be present. 

LCtion of hydrofluoric acid upon the silica contained 

y results in the formation of fluoride of silicon gas, 

} decomposed when brought into contact with water, 

og opaque silica. 

If fluorine be detected, the particular form in which 

sent remains to be decided. 

nbined Fluorine^ F, if known at all, exists only in the 

gas. 

ofluoric Acid, HF, never occurs in the solid state. 

imercial acid is a solution in water, always known by 

ent odour and corrosive action on glass. 

3nly compounds of fluorine which are at all common, 

-spar, composed of fluorine and calcium. 

ite, which contains fluorine, aluminium, and sodium. 

• Spar or Flttoride of Calcium has been described 

lite, Na^AlF^, is a white opaque mineral, generally in 
liar masses. It is insoluble in water, and but slightly 
[ bj hydrochloric or nitric acid. The powdered 

moistened with hydrochloric acid and exposed on a 
atinum wire (74), colours the flame intensely yellow. 
1 heated with strong sulphuric acid, kryolite is dis- 

if the solution be further heated, it becomes milky, 
milkiness disappears, if the acid liquid, after cooling, 
1 with much water and boiled. 

Solid chlorates become yellow or red when moistened 
icentrated sulphuric acid, and slowly evolve, even in 
I, a yellow gas (chloric peroxide) resulting from the 
ssition of the chloric acid, and having a very peculiar 

; care is necessary in applying heat, since the explo- 
iomposition of the chloric peroxide sometimes shatters 

3. 
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A solution containing a chlorate becomes yellow Yrhea 
heated with strong hydrochloric acid, emitting an odour re- 
sembling chlorine. 

Solution of a chlorate will (if free from chloride) gire no 
precipitate with nitrate of silver until it has been acidulated 
witn dilute sulphuric acid and allowed to remain in contact 
with metallic zinc for a minute or two. 

Chloric Acid, HCIO,, is not commonly met with. It is a 
strongly acid liquid, which bleaches test-papers, and evolTea 
an odour of chlorine, especially when heated. 

The only chlorates which are at all common, are those of 
potash and baryta, which have been described at p. 70 and 
p. 58 respectively. 

81. The odour of chlorine is perceived if the substance 
imder examination is common saltpetre, which always contains 
some chloride. See Nitre (p. 69) and Nitrate of Soda (p. 76). 

The compounds of hypochlorous acid also evolve chlorine 
when heated with sulphuric acid. 

Hypochlorous Acid itself exists either as a yellow explo- 
sive gas, CI,0, or an aqueous solution, HCIO (?), of strong 
chlorous odour and great bleaching power. 

Solutions of the hypochlorites give a dark brown pi^e- 
cipitate of binoxide of manganese on adding sulphate of 
manganese. 

The only hypochlorite commonly met with is the HypO" 
chlorite of Lime^ Ca2C10, which occurs in the solution of 
Chloride of Lime of commerce, described at p. 62. 

Hypochlorite of Sodayl^&ClO, exists in the Chloride of Soda, 
which is sold only in solution, and is described at p. 77. 

82. To be sure of the presence of iodine, add to a solu- 
tion uf the substance to be tested a few drops of thin starch 
(353) and a little concentrated nitric acid ; the nitrous acid 
present in this will liberate the iodine, which colours the 
starch blue. 

83. Uncomhined lodim, I, is met with in shining black 
scales which have a peculiax odo\xc^ Bcmii^^hat resembling 
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chlorine. It stains the fingers brown, and is converted into 
a splendid yiolet vapour when heated. 

The only iodides likely to be met with in ordinary analysis 
are those of potassium (77), iron .(45), letxd (14), mercury 
(31), and arsenic (d5), 

84. To recognise the carbonic acid gas, dip a glass rod 
into lime-water, and introduce it, with the clear drop of 
lime-water suspended from it, into the mouth of the test- 
tube, when the drop will immediately become coated with an 
opaque film of carbonate of lime, which will disappear again 
if exposed for some time to the action of the gas. 

85. Uncombined Carbonic Add is met with in ordinary 
analysis, either in the state of gas, CO,, or dissolved in water, 
H,CO.(?), and may be recognised by its faint odour, its 
feebly reddening blue litmus paper, and its causing a milky 
precipitate with lime-water, which disappears when the acid 
is added in excess. 

The carbonates most commonly met with are those of lime 
(69), soda (80), potash (77), ammonia (75), baryta (65), 
magnesia (9), iron (45), zinc (53), lead (14), and cop- 
per (27). 

86. To be sure of the presence of hydrosulphuric acid, 
spot a piece of filter-paper with solution of acetate of lead 
or nitrate of silver, which will be blackened when exposed to 
the action of that gas. 

87. Hydrosulphuric Add, H,S, itself is met with in 
analysis, either in the form of gas or of a solution in 
water> which smells of the gas and blackens acetate of lead 
and nitrate of silver. 

Many of the sulphides evolve hydrosulphuric acid when 
they are heated with hydrochloric acid. The most iniportant 
are those of iron (45)> (mtimony (39), ammonium (75), lead 
(14), sdnc (53), potassium, and calcium. 

Sulphide of Potassium, K,S, is generally in brown frag- 
ments, which easily become moist on exposure to air, and 
smell strongly of hydrosulphuric add. It difi8oWe!& oasil^ v;v 
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water, and tlie solution generally becomes milky when mixed 
with hydrochloric acid, from the deposition of a little sul- 
phur, due to the presence either of bisulphide of potassium 
or of hyposulphite of potash. 

Sulphide of Calcium^ CaS, occurs in the Boda-wasU of the 
alkali-works, as a nearly black substance, partly dissolved by 
boiling water, yielding an alkaline solution. Dilute hydro- 
chloric acid does not entirely dissolve it, but leaves a dark 
residue containing carbonaceous particles. 

Ultramarine is a blue powder which becomes white and 
evolves hydrosulphuric acid when heated with hydrochloric 
acid. It contains alumina, silica, sulphur, sodium, and iron. 

88. To acquire familiarity with the odour of hydrocyanic 
(prussic) acid, heat a little solution of ferrocyanide of potas- 
sium (yellow prussiate of potash) with dilute sulphuric acid, 
when pure hydrocyanic acid will be evolved. 

In order to be sure of the presence of hydrocyanic acid, 
add to a solution of the substance a few drops of solution of 
sulphate of iron and a slight excess of potash ; shake the 
precipitate for a few moments with the air in the tube,'*' and 
add an excess of hydrochloric acid, when a blue precipitate, 
or a decided blue or green colour pervading the liquid} 
will indicate the presence of hydrocyanic acid or of a 
cyanide. 

In this test, the ferrous oxide and the potash, acting upon 
the hydrocyanic acid, produce ferrocyanide of potassium ; 
when the hydrochloric acid is added, it dissolves the ferric 
oxide produced by the action of the air, and the ferric 
chloride so produced, coming into contact with the ferro- 
cyanide of potassium, produces ferrocyanide of iron or Prus- 
sian blue. 

If the cyanogen were originally present as a ferrocyanide 
or a ferridcyanide, the sulphate of iron would at once produce, 



* A drop or two of perchloride of iron (ferric chloride) will answer 
the same purpose M shaking with air. 
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in the former case, a comparadyelj light blue precipitate, in 
the latter, a dark blue. 

98. Hydrocyanic Acid itself, HON, is met with in aqueous 
solution onlj, recognisable by its odour, its very faintly red- 
dening blue litmus paper, and by the above test. 

The principal compounds of cyanogen, which evolve the 
odour of hydrocyanic acid when they are heated with hydro- 
chloric acid, are cyanide of potassium (77), ferrocyanide (77), 
&nd Jerridcyanide (77) of potassium j sulphocyanide of potas- 
sium, cyanide of mercury (31), fulminate of mercwry, 

Sulphocyanide of Potassium, KCNS, forms white needle- 
like crystals, which become moist in the air and dissolve 
very easily in water. Perchloride of iron added to the solu- 
tion gives a deep blood-red colour. Heated with hydro- 
chloric acid, the sulphocyanide deposits a yellow precipitate, 
and evolves a peculiar offensive gas which bums with a blue 
flame. 

Fulminate of Mercury, HgC^N^O,, is met with as a greyish 
crystalline powder which is easily exploded by friction or 
percussion. If placed on a slip of glass and touched with a 
lighted match, it bums rapidly with a bright flash, and coats 
the glass with metallic mercury. It is sparingly dissolved 
by boiling water, but is readily soluble in hydrochloric acid. 

Cyamde of Mercury has been already noticed at (31). 

Since potash does not decompose the cyanide of mercury, 
it is necessary, before applying the Prussian blue test de- 
scribed above, to separate the mercury by slightly acidulating 
the solution with hydrochloric acid, and introducing a piece 
of zinc ; in the course of a few minutes the solution may be 
poured off and tested with sulphate of iron, potash, and 
hydrochloric acid, as above directed. 

lOO. If there be any doubt whether the odour is that of 
sulphurous acid, place a piece of zinc in the acid liquid, when 
the hydrogen which is disengaged by its action upon the 
hydrochloric acid will convert the sulphurous into hydro- 
sulphoric acid, which may be recogniaed b^ \t^ odo\\t ^sAVs^ 
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its blackening paper spotted with aolation of acetate of lead 
or nitrate of silver. 

Sulphurous Add itself is met with either as a gas, SO,, or 
a solution in water, HaSO,(?), always recognisable hj its 
odour. The principal commercial salt of sulphurous acid, 
the sulphite of soda, has been described at p. 77. 

Hyposulphurous Acid is not known to exist in an uncom- 
bined state. Its only common form of combination, the 
hyposulphite of soda, has been described at p. 77. 

101. Small quantities of sulphuric acid (in the form of 
sulphates) are very commonly found as an impurity in com- 
mercial salts, so that if this precipitate be scanty, the analyst 
must hesitate before pronouncing sulphuric acid to be an 
essential constituent of the salt. Sulphuric acid will also be 
detected in a solution which has been made with nitric acid, 
whether the sulphur existed in the original substance as a 
sulphide, sulphite, hyposulphite, or sulphate. 

102. Sulphwric Acid itself (sulphuric anhydride, SO,), 
is not commonly met with, except in combination with 
water. 

Hydrated Sulphuric Acid or OH of Vitriol, HjSO^, is a 
heavy, oily liquid which has usually a brownish colour due 
to the presence of organic matter. If it be poured into a 
little water in a test-tube, much heat is developed. 

The Nordhamen or SaoBon Sulphuric Acid emits fumes 
when the bottle is opened, and hisses slightly when poured 
into water. 

DUuted Sulphuric Acid strongly reddens blue litmus paper. 
If a piece of white paper be moistened with it, and dried at 
a gentle heat, it assumes an intensely black colour, the paper 
being carbonized by the acid. 

The numerous salts of sulphuric acid or sulphates have 
been described in the notes referring to their respective 
metals. 

- 10.2<>- ^ white precipitate by nitrate of baryta, soluble 
ii^ dilute nitric acid, indicates either carbonic acid (when the 
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precipitate would efiFervesce with the acid), phosphoric, 
oxalic, boracic, silicic, sulphurous, or hyposulphurous acid. 
These will all be detected in the subsequent part of 
Table H. 

103> If possible, the precipitate produced by nitrate of 
silver should be allowed to settle, and the liquid should be 
poured off before boiling the precipitate with nitric acid. 

Cold nitric acid dissolves all the common precipitates pro- 
duced by nitrate of silver, except the chloride, sulphide and 
cyanide, the two latter requiring to be boiled with the acid. 

Cyanide of silver, when washed (16), is dissolved by heat- 
ing with solution of potash, which converts chloride of silver 
into the brown oxide of silver, but does not dissolve it. 

Several other less common silver precipitates, however, are 
also insoluble in nitric acid, such as iodide (yellow), bromide, 
ferrocyanide, ferridcyanide (brown red), and sulphocyanide 
of silver. 

If the washed silver precipitate be shaken with ammonia, 
the iodide (whitened by the ammonia) and ferrocyanide are 
undissolved, whilst the others are dissolved by ammonia, 

104. Since chlorides are commonly found as impurities 
in commercial salts, and small quantities give a comparatively 
large precipitate with nitrate of silver, great care is requisite 
before concluding that the substance under examination is 
really a chloride. 

The presence of a chloride may be confirmed by heating 
the original substance with dilute sulphuric acid and black 
oxide of manganese, when chlorine gas will be evolved, which 
may be recognised by its odour and by its bleaching moist- 
ened litmus paper.* 

Bromides would evolve brown vapours of bromine having 



• Corrosive siiblitnate (mercuric chloride) evolves very little chlorine 
yfhen heated with diluted sulphuric acid and black oxide of manganese, 
and does not evolve hydrochloric acid when heated with strong sul- 
pliuric acid. 
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an intolerable odour and imparting an orange colour to moist 
starch. 

Iodides would give violet vapours of iodine turning moist 
starch blue. 

105« Uncombined Hydrochloric Acidy HCl, is usually 
met with in a state of solution in water. Concentrated hydro- 
chloric acid, if pure, is colourless, but the common acid has a 
yellow colour due to iron. It fumes strongly in damp air, 
and has a peculiar suffocating odour. When heated with 
black oxide of manganese, it evolves abundance of chlorine, 
distinguished by its irritating odour and its powerful bleach- 
ing effect upon moist litmus paper. Diluted hydrochloric actd 
does not fume in air, but also evolves chlorine when heated 
with black oxide of manganese. 

The Chlorides, which are precipitated by nitrate of silver 
just as hydrochloric acid would be, have been noticed under 
their respective metals. 

106. For a test to confirm the presence of hydriodic 
acid, see (92). 

Hydnodic Acid, HI, in the free state is not commonly met 
with. The Iodides, which behave with nitrate of silver just 
like hydriodic acid, have teen described, when of sufficient 
importance, under their respective melals. 

lOGa. A black precipitate produced by nitrate of silver 
indicates hydrosulphuric acid (97). A white precipitate 
rapidly changing to orange hrown and block indicates hypo- 
sulphurous acid. See hyposulphite of soda (80). A hrown 
precipitate soluble in nitric acid may be arseniate of silver, 
indicating arsenic acid (35), or oxide of silver, indicating the 
presence of some caustic alkaline substance, such as potash, 
soda or lime, dissolved in water (69, 77, 80). 

A hrcywn or red-brown precipitate insoluble in nitric acid indi- 
cates ferridcyanogen. See ferridcyanide of potassium (77). 

A white precipitate becoming brown or black when heated, 
indicates boracic acid (Table H. col. 6) or sulphurous acid 
(100). 
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A white precipitate becoming brown when heated with 
nitric acid, and then dissolving in ammonia which failed to 
dissolve it at first, is ferrocyanide of silver (113). If the 
nitrate of silver be not in excess, a blue colour may be pro- 
duced by the nitric acid. A red precipitate indicates chromic 
acid (120), if the liquid be yellow or red, or arsenic acid if 
the liquid be colourless. In both cases the precipitate is 
soluble in nitric acid. 

107. This test must be applied to a cold solution ; a con- 
siderable quantity of sulphate of iron is necessary, and the 
sulphuric acid must be poured slowly in, so that the bulk of 
it may sink to the bottom of the tube, for if much heat be 
produced by its mixing with the water, the brown compound 
indicative of nitric acid will be decomposed. This brown 
compoimd contains sulphate of iron, in combination with 
nitric oxide which has been formed by the abstraction of 
oxygen from the nitric acid, in order to convert another part 
of the sulphate of iron (ferrous sulphate) into the persulphate 
(ferric sulphate). 

108. If additional evidence of the presence of nitric acid 
be required, the original substance, or even the solution, 
when cold, may be mixed with about an equal volume of con- 
centrated sulphuric acid, a few copper filings or clippings 
added, and heat applied, when brown fumes of nitric peroxide 
will be produced by the deoxidizing effect of the copper upon 
the nitric acid liberated by the sulphuric acid.* 

109. Nitric Acid itself (nitric anhydride, N^O,) is ex- 
tremely uncommon, except in combination with water. 

Concentrated Nitric Acidj HNO„ when perfectly pure, is 
colourless, but it generally has a yellow colour caused by the 
presence of nitric peroxide, NOs. It fumes in air, stains the 



* The nitrites, or salts of nitrous acid, eTolve brown vapours when 
treated with sulphuric acid in the cold, and give a brown solution with 
siUpbate of iron and diluted sulphuric acid. 
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akin yellow, and when poured upon copper or zinc causes 
riolent efiervescence and disengagement of red fumes. 

The Nitrous Acid of commerce is concentrated nitric acid 
containing a larger proportion of nitric peroxide which im- 
parts to it an orange-red colour. Some specimens of strong 
nitric acid have a green colour, caused by the presence of 
nitrous acid. 

Diluted Nitric Acid {Aqua FcrUs) of coarse reddens litmus 
yery strongly, and acts upon copper or zinc in the same 
manner as the concentrated acid, but with less violence. 

The salts formed by nitric acid, or nitrates, have been de- 
scribed, when important, in the notes relating to the indi- 
vidual metals. 

no. If the original solution be neutral (18), it is not 
necessary to add ammonia and acetic acid, but if it be acid 
to test-paper, the free acid may prevent the formation of 
a precipitate with perchloride of iron or with chloride of 
calcium, so that it must be neutralized with ammonia, whicli 
may be added till the liquid smells slightly of it, even after 
being shaken with the thumb on the top of the tube, and 
turns red litmus paper blue ; acetic acid may be added till the 
smell of ammonia is no longer perceptible after shaking, and 
the liquid reddens blue litmus paper. The solution is then 
examined as in the Table. 

Should any precipitate remain undissolved after acetic acid 
has been added in excess, it is probably phosphate of iron 
(p. 97), oxalate of lime (58), fluoride of calcium (59), 
phosphate of alumina (p. 97), or phosphate of lead (p. 98). 

1 1 1 . A single drop of perchloride of iron is here recom- 
mended, because the precipitate of phosphate of iron (ferric 
phosphate) is soluble in an excess of the perchloride. 

If a solid compound containing phosphoric acid is 
thoroughly dried by heat, and strongly heated in a tube (17) 
with a little metallic magnesium, the mass, after cooling, 
evolves the peculiar fishy odour of phosphoretted hydrogen 
on boiling with water. 



PHOSPHORIC ACID. 95 

The most delicate test for phosphoric acid is molybdaie qf 
vn$nonia, which produces, in the solution acidulated ¥rilh 
litric acid (and free from hydrochloric acid), especially on 
leating, a yellow precipitate containing phosphoric and 
nolybdic acids, and ammonia. 

Care must be taken to avoid mistaking arsenic acid for 
)hosphoric acid (p. 34). 

Ilia. A solution containing arsenious acid combined 
inth an alkali would also give a yellow precipitate soluble 
n nitric acid, on addition of nitrate of silver, but the 
absence of arsenious acid has been previously established 
Table A). 

112. Phosphoric Add itself (phosphoric anhydride, PgOJ 
s not commonly met with, because it cannot be exposed to air 
without absorbing moisture and liquefying to a solution of 
phosphoric acid. The ordinary solution of phosphoric acid 
8 a colourless liquid which strongly reddens blue litmus 
taper. If it be mixed with a slight excess of ammonia, and 
(dth a solution of sulphate of magnesia to which chloride of 
mmonium and ammonia have been added, a white granular 
precipitate of phosphate of magnesia and ammonia is pro- 
tuced, the formation of which is much promoted by stirring 
he liquid (6). 

Ohcial Phosphoric Acid (or metaphosphorie acid, HPO,) 
bnns transparent colourless masses which easily absorb water 
rem the air. It dissolves in cold water, and the solution 
[ires a white precipitate with nitrate of silver. If the solution 
»f the acid in water be boiled for some time, it is no longer 
precipitated by nitrate of silver, unless a very little ammonia 
8 added, when it gives a yellow precipitate, the metaphosphoric 
icid having been converted into orthophosphoric or tribasic 
phosphoric acid, H,PO^, by boiling with water. 
. Phosphoric acid might be found in a solution pre- 
pared with nitric acid, as a result of the oxidation of phos- 
phorus. 

Ordinary (vitreotis) phosphorus is easily recognised by its 
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inflaming when rubbed or gently heated, when it burns wiih 
a bright flame emitting thick clouds of anhydrous phosphoric 
acid. 

Amorphous or red phosphorus does not inflame when 
rubbed, and requires a higher temperature to inflame it than 
ordinary phosphorus. When heated in a small tube closed 
at one end (17) it is converted into vapour which condenses 
into drops of ordinary phosphorus on the cool sides of the 
tube. 

Phosphate of Soda has been described at (p. 77). 

The presence of phosphoric acid in the phosphate of soda 
may be confirmed by mixing the solution with ammonia, and 
testing with the mixture of sulphate of magnesia, chloride o! 
ammonium, and ammonia. 

The solution of phosphate of soda gives, with nitrate o 
baryta, a white precipitate which is dissolved by dilute nitri 
acid. 

With nitrate of silver, it gives a yellow precipitate, solubl 
in nitric acid. 

Arseniate of soda, which much resembles the phosphat 
(p. 34), gives a brown precipitate with nitrate of silver. 

Phosphate of Soda and Ammonia, NaNH^HPO^, or micrc 
cosmic saltj or phosphorus salt, forms colourless crystals, whic 
dissolve in water, yielding a solution which blues red litmui 

With nitrate of baryta and nitrate of silver, the solutio 
behaves like phosphate of soda. 

With sulphate of magnesia, especially on stirring, it jielc 
the precipitate of phosphate of magnesia and ammonia. 

When microcosmic salt is heated in a dry tube (17), ; 
fuses easily, boils, evolves much steam and ammonia (detecte 
by its odour), leaving a transparent glass of metaphosphat 
of soda. 

Phosphate of Lime and Superphosphate of Lime have bee 
noticed at (56). 

To confirm the indication of the presence of phosphori 
acid in these salts, their solutions may be mixed with acetat 



si: 



^ 
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^ of ammonia (prepared by mixing ammonia with a slight ex- 
^^ cess of acetic acid), and oxalate of ammonia added as long as 
tlie precipitate of oxalate of lime is increased. The solution 
is then boiled, filtered, mixed with ammonia in slight excess, 
and tested with the mixture of sulphate of magnesia with 
chloride of ammonium and ammonia. 

If phosphate of lime be made into a paste with concen- 
trated sulphuric acid, and exposed on a platinum wire, in 
the margin of a flame (70), the greenish flame of phosphorus 
^ be perceived in the dark. 

Phosphate of Magnesia and Ammonia, or triple phosphate, 

%NH^PO^, is a white crystalline powder, which .s insoluble 

^ Water, but dissolves easily in hydrochloric acid. If the 

V^^ochloric solution be largely diluted with water, mixed 

^^h ammonia in excess, and stirred with a glass rod, the 

P'losphate is reprecipitated in a granular form, especially 

^Pon the lines of friction made by the glass rod. 

^e phosphate of magnesia and ammonia evolves ammonia 
'^^eji boiled with potash. 

Phosphate of Alumina, AlPO^, is insoluble in water, but 
^^Solves in hydrochloric acid. Potash precipitates it from 
^^ solution, but an excess of potash redissolves it. Ammonia 
*^o precipitates, but does not redissolve it. 

If the solution of phosphate of alumina in hydrochloric 
^^4 be mixed with a solution of tartaric acid, and afterwards 
^^^li an excess of ammonia, the solution will remain clear, 
*^^ the phosphoric add may be detected by the mixture of 
^^^phate of magnesia with chloride of ammonium and am- 
"^^nia. 

^ith strong sulphuric acid, in a flame, phosphate of 
^'^^imina behaves like phosphate of lime. 

Phosphate of Iron, FePO^, is insoluble in water, but 

®^luble in hydrochloric acid, giving a yellow solution. On 

fixing this with acetate of ammonia (prepared by mixing 

dDQmonia with a slight excess of acetic acid), the phosphate 

^f iron is separated as a white precipitate. 

H 
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If Uie hydrochloric solution of the phoq^hmte of iron be 
mixed with mmmoaia in excess, a brownish precipitate of 
bttsic phosphate of ircm is obtained ; by btnling this with 
sulphide of ammonium, the iron is conrerted into (black) 
sulphide of iron, and the phosphoric acid is diaeolTed as phos- 
phate of ammonia, and may be detected in the filtered solu- 
tion by sulphate of magnesia, mixed with chloride of ammo- 
nium and ammonia. 

Phosphate of Lead is white, insoluble in water, and not 
easily soluble in hydrochloric acid, but diluted nitric acid 
dissolves it ; ammonia added to this solution precipitates the 
phosphate of lead, and acetic acid does not rediasolye it. 

By boiling the phosphate of lead with sulphide of ammo- 
nium, the phosphoric acid is converted into phosphate of 
ammonia, and may be detected in the filtered solution, Tnth 
the mixture of sulphate of magnesia with chloride of ammo- 
nium and ammonia. 

113* Ferrocyanogen is the name given to the group 
C^N^Fe containing carbon, nitrogen, and iron, which is sup- 
posed to exist in the ferrocyanide of potassium, and in other 
ferrocyanides, though it has never been obtained in the 
separate state. 

Hydroferroofanic (or ferrocyanic) Acid, H^C^N^Fe, is not 
at all a common substance. It is crystalline, and easily 
soluble in water. When the solution is boiled, it evolves 

« 

the odour of hydrocyanic acid, and deposits a white preci- 
pitate of cyanide of iron, which rapidly turns blue by 
oxidation. 

Ferrocyanide of Potassium has been described at (p. 72)« 
Its solution gives, with nitrate of silver, a nearly white pre- 
cipitate of ferrocyanide of silver, which is not dissolved by 
ammonia. 

If this precipitate be warmed with dilute nitric acid, it i^ 
converted into the orange-red ferridcyanide of silver, and is 
then dissolved by ammonia, with exception of a few flakes oi 
peroxide of iron. 
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Sulphate of iron causes a blue precipitate in solution of 
ferrocyanide of potassium. 

Fmocyanide of IroUy or Frvssian Jilue, Fe,12CN, is not 
dissolved by water or dilute acids. It may be identified by 
boiling it with potash, which leaves brown peroxide of iron 
undissolved, and yields a solution of'ferrocyanide of potassium 
which may be filtered, neutralized with hydrochloric acid, 
*nd tested with perchloride of iron. 
Ferrocyanide of Copper, or HatchetVs Brown, Cu^FeBCN, 
a brown-red colour, and is insoluble in water, and in 
^ute acids. It is decomposed by boiling with potash, into 
black oxide of copper and ferrocyanide of potassium, which 
^y be tested as in the case of Prussian blue. 

114.* In order to obtain confirmatory evidence of the 
pi'esence of oxalic acid, shake a little of the original substance 
^th diluted sulphuric acid (which does not cause efferves- 
^nce with oxalic acid), and throw in a little powdered 
"^oxide of manganese, when carbonic acid will escape with 
®«ervescence, especially if a gentle heat be applied, and may 
"® recognised by the lime-water test (94). 

lis. Oxalic Acid, HjC,0^.2Aq., itself forms colourless 
Prismatic crystals, which dissolve easily in water, and yield a 
^'J'ongly acid solution. 

When heated with strong sulphuric acid, oxalic acid dis- 
*^lves with eflFervescence, evolving carbonic acid and carbonic 
^^ide gases, the latter of which burns with a blue flame on 
approaching the mouth of the tube to a fiame. 

^ With nitrate of baryta, a strong solution of oxalic acid 
^^«8, on stirring with a glass rod, a granular precipitate of 
^^Culate of baryta, which dissolves in diluted nitric acid. 
With nitrate of silver, solution of oxalic acid gives a white 



* Ferrocyanide of potasBium may also give, with chloride of calcium, 
^ ^i^ipitate of the double ferrocyanide of calcium and potasftium, 
^Meh mi^t be mistaken for oxalate of lime, since it is insoluble in 
^^tic acid, but soluble in hydrochloric acid, from which ammonia re- 
P^^pitates it. 
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precipitate of oxalate of silver, which is soluble in diluted 
nitric acid. 

When heated in a dry tube (17), oxalic acid melts very 
easily, and is entirely converted into vapour, a part of 
which condenses on the sides of the tube in fine transparexit 
needles. 

The Oxalates commonly met with are the acid oxalate oj" 
potash (p. 73), oxalate of ammonia (75), and oxalate of lime 
(58). 

116. This test for boracic acid depends upon its singular 
property of colouring orange- red the dye known as turmeric; 
but this property belongs only to free boracic acid, so that if 
it be combined with a base, it is necessary to liberate it by 
adding hydrochloric acid, until the solution reddens blue 
litmus paper. A large excess of hydrochloric acid must be 
avoided, since it is liable to carbonize the paper on drying. 

The paper may be dried by waving it above the flame so 
as not to scorch it, or by gently warming it upon a slip oi 
glass. 

To obtain confirmatory evidence of the presence of boracic 
acid, mix the substance under examination with strong sul- 
phuric acid; add alcohol, and inflame the mixture, eitber 
upon a glass rod dipped into it, or on a slip of glass, or in a 
small evaj>orating dish, in the latter case stirring it ivith a 
glass rod. Boracic acid imparts a decided green colour to 
the flame, especially at the edges. 

117. Boracic Add itself {anhydrovs boracic acid, B,0,) 
is not commonly met with. It forms glassy fragments, trans- 
parent when freshly prepared, but becoming opaque when 
kept. It is powdered with great difficulty, and appears at 
first to be insoluble in water and acids, but after boiling with 
water for a short time, a little of it is dissolved, yielding a 
solution which turns blue litmus paper violet, and stains 
turmeric paper, which has been dipped into it and dried, 
orange-red, becoming green when moistened with potash. 
Glassy boracic acid dissolves easily when heated with potash* 
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Oryitallized (or hydrated) Boracic Acid, 8H,0.B,0,, forms 
'^Hite scaly or feathery crystals, which dissolve in boiling 
^ater, and are deposited again when the solution cools. The 
^lution behaves, with litmus and turmeric papers, as stated 
above. Placed on the point of a knife or on a platinum wire 
(74), and heated in the margin of a flame (70), crystals of 
Oracle acid colour the flame green, a part of the acid being 
inverted into vapour in the presence of the water. The 
^^lystals are dissolved by boiling alcohol, and the solution 
burns with a fine green flame. 

The impure boracic acid imported from Tuscany, always 
<^Qtaia8 considerable quantities of ammonia and sulphuric 
^id, as impurities. 

The only common borates are Borax, or Bihoraie of Soda 
(p. 77), and the mineral Boronatrocalcite, which is composed 
cf bpracic acid, soda, lime, and water, and is imported from 
Peru under the name of Borate of Lime. 

BororuUrocdlcite* occurs in soft earthy masses ; it is dis- 
solved to a slight extent by water, and entirely by hydro- 
chloric acid. If it is dissolved in a small quantity of hydro- 
chloric acid, ammonia will cause a precipitate of borate of 
lime ; but if much acid be present, the chloride of ammonium 
formed will be sufficient to prevent the precipitation^ since 
borate of lime is soluble in chloride of ammonium. 

118. To detect silicic acid, the solution which has been 
acidified with hydrochloric acid is evaporated to dryness^ 
(i.e., until no more liquid remains) in a dish (84) ; the latter 
is allowed to cool, and some diluted hydrochloric acid poured 
into it. The dish is again gently heated, and its contents 
stirred with a glass rod ; when nothing more appears to dis- 
solve, the contents of the dish are poured into a test-tube. 
If silicic acid is present, semi-transparent flakes will be 



♦ Na,0.2B303.2rCa0.2B,03).18Aq. 

t When a consiaerable quantity of silicic acid is present, the liquid 
becomes a jelly at a certain stage uf the evaporation. 
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x& tLe BipSi. gxrifi^ is a pccsjiar opakacent appear- 



Tlie siscsc acid bat be filtered €£ and tlie solutkn tested 
for pocaashim azc soisicB a c ojadii ^ to Table F, p. 65u 

Tbe gcIt cotcjason AibssaiHe wbidi is likely to be mistaken 
fer silicic add in this tea is mlpbate of lime, wbich is not 
immediatelT redisisomd bj h j dioAloiic acid after eyapoia- 
tion to dnmess. thd^gb continiicd heatiiig witb the acid will 
disaolre it. But the mlphate of lime is more opaque, and is 
goierallT left as a crystalliiie powder, whi<^ sinks much 
more readilj than the silicic add. Should ^ere be any 
doubt, the insoluble part maj be allowed to settle in the tabe^ 
washed twice, bj decantation (16) and heated with a little 
potash, which will easilj dissolxe silicic add, but not sulphate 
of lime. 



119. The common forms of silicic add, as well as th 
more frequentl}- occurring dlicates, are insoluble in wate 
and in diluted adds, and will ther^ore be noticed bere-^^ 
after. 

The only silicates which are soluble in water are tb^ 
Silicate of Potash (p. 73), and SilicaU of Soda (p. 78). Everr:::^ 
those silicates which are attacked bj boiling with dilutee^ 
acids (such as the Zeolitic minerals, and -various slags), dc^ 
not generally dissolve in the acid, but leave a residue o:r^ 
gelatinous silidc add, so that they will be noticed togethei^ 
with substances insoluble in water and adds. 

120. Chromic Acid itself, CrO^ forms needle-like crystal - 
of a crimson colour ; they attract moisture readily from aii^ 
and dissolve easily in water ; the solution gives a bright yello 
precipitate with acetate of lead, and a red precipitate wit 
nitrate of silver. 

The chromates most commonly met with are chromate 
potash (61), bichromate of potash (61), chromate of haryta (6^^ 
and chromate of lead (p. 17). 



EXAMPLK^ FOB PRACTICE. 
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121. Examples for Practice in Tables Q and H. — The 
following fiabstanc^s may be analysed for practice (10) : — 

Cbalk (carbonate of Hme) 
Common salt (chloride of sodinro) 
^aor spar (fluoride of caldam) 
Ohlorioe of lime 
Sulphide of iron 
l^errocjanide of potaesium 
Hypoflnlphite of soda 
l^otphato of soda 

Silicate 



Oxalic acid 

Saltpetre (nitrate of potash) 
Chlorate of potash 
Iodide of potassium 
Cyanide of potassium 
Sulphite of soda 
Sulphate of magnesia 
Borax (biborate of soda) 

of Potash. 
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BKATIHO OH PLATIKUM FOIL. 



EXPLANATIONS AND INSTRUCTIONS ON 
TABLE T. 

123. Mode ofohatTving the action of heal upon tubttancei 
•'» oonlaet with air. — A small piece of platinum foil is yery 
•^nvenient for this purpose. 

It may be held in a pair of crucible tonga (iig. 37), or 
•^pon a tri&ngle of iron wire {fig. 38), one limb of which is 
''irart through a cork for convenience in holding it wlien 
hot. 

Fia. SB. 




TrlMKlb 

The sulratance under examination ahonld be placed at one 
^Qrner of the foil, bo that the latter maj not be rendered 
Entirely useless if the substance should corrode it. 

A gentle heal should be 
Applied at first by holding 
the foil a little above the 
-l)uintof a flame. A stronger 
tieat may be afterwards ob- 
tained by directing the blow- 
jiipe fiame upon the under 
surface of the foil (fig. 39). 

Compounds of lead, bis- 
niath, tin, antimony, and arsenic should not be heated c 
platinum foil, since these substances conodQ iU 
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A piece of brokoi porcelain, cr a Huall porcelain cradble, 
DUJ be lued instead of plitinnm fiiiL 

j„ ^ A mutD [ueoe of tltin Ger- 

man glass tabe open at both 
f^—^ -^—---^ enda will uwwer the wm« 

* -^ W ' 1 pnrpose, eapeoally if it b» 

idigbdy bait so that the sub- 
stance mxj rest in it. Th» 
tube ^oold be so held tha& 
one opening is oansiderably 
higher tlian the other, anA- 
to thi« higher opening the noae shoiild he applied, in ordec 
to detect the odoiir of snlphnr, arsenic, £c. (fig. 40). 

124. Jleduction of tubsloHctt to powder. — Most sabetance^ 
can be criuhed and afterwards grotmd to powder in a pestle 
and mortar (fig. 41) of Wedgwood ware. A amall spatd^ 
(fig. 42) is used lo scrape the powder ont of the nuntar. 





I^Tge fragments most first be broken up by the hammex- 
on an anvil. 

An iron pestle and mortar are very con- 
venient for cnuhing bard substances. 

To prevent irsgmentB of the substaDce 
from flying about, a wooden cover (fig. iS) 
should be placed over it, with a hole fi" 
the handle of the pestle. 

When the mortar is not at hand, eob- 
stances of moderate hardness may be poWr 






tiered o 
them. 



. FOWI>ERIKa. SIFTIH& 

, hard saxBux hj rolling a tbick bottle ■ 



As agate mortar and pestle (fig. ii) are used for the final 
griadbg of YBTj hard substances. The agate pestle should 
** prorided with a handle made of hard wood, and fitted to 
'^ by a hrass cap (fig. 45). The powdering is very much 




facilitated by mounting the pestle on a brass rod, which plays 
*** a ring attached to a stout wooden upright rising from a 
'kcavy bed of hard wood in which the agate mortar is firmly 
*«t (fig. 46). 

fieduction of substances to fto. 47. 

t>owder is sometimes hastened 

^f the Iragmente are sifted ( 

from time to time, by rubbing . 

Uie powder lightly with the fin- 

ger upon a piece of mualin tightly 

ntretched over the mouth of a 

teaker (fig. 47). The fragments 

left on the muslin are returned 

to the mortar. 

For powdering small quantities of very hard substanoes, a 
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Steel di&mond mortar (fig. 48) U employed, consisting of a 
socket (a fig. 49), iato which a steel cylinder open at both. 
ends (b) fits tightly. The aabstance to be powdered, in email 
fragments, is dropped into the hollow cylinder, and the BolicL 
steel cylinder (c) which fits the former exactly, being placed 
upon it, is struck sharply and repeatedly with a heaT^ 
hammer. 

FiQ. IS. Fia. w. 




125. Fusion of iiaolvbU avhtlances with carhonatt o' 
3oda. — The substance shonld be reduced to an impalpable 
powder, that is, to a powder in which no grit can be felt (124^ 
and intimately mixed with the carbonate of soda, also iti &tx^ 
powder, either in a small mortar (fig, 41) or with a kni-^ 
upon a piece of paper. 

The carbonate of soda employed for this fu^OQ must ha"^' 
been prerioualy dried to expel its water of crystallizatioJi- 
The fusion is easier when a mixture of carbonates of soda »-'^° 
potash is employed. 

The mixture is placed npon a pi«** 
' ' of platinum foil," slightly bent up *' 

^^^^ the edges (fig. 50), and heated mo<3e- 

^^B^^^^^ rately at first to expel any moisttxre 
^^^^^^^^^B which may be present. The foil is ibe" 
^^^^^^K^ heated to redness, over a Bunsen (tig- 
^^^^^Hp' 51) or gauze (fig. 52) burner, or t>7 
^^^^^r directing a broad blowpipe flame upon 



* Apiece of foil liin. long and IJiit. wide, of ench ihickncsiuU 
weigb BBTen grains, will be found eaitable for the purpose. 



INSOLUBLE SUBSTANCES. 109 

ts under surface (fig. 39).* To obtaia such a flame, the 
)lowpipe jet should be held a little away from the flame, bo 
hat a broad divergent stream of air may be sent through it. 

Pig. 61. Fio. 62. 





Bonsen's bamer. Qaaze burner. 

Since only a small quantity of the powder can be fused at 
ce upon the foil, it is advisable to add it in successive por- 
)ns, as each is melted, until a sufficient quantity of the sub- 
mce has been employed. 

When the mixture is very difficult to fuse, the blowpipe 
me must be directed down upon its surface after the lower 
rt has been fused. No violence must be employed to 
tach the fused mass from the foil, but it should be soaked 
water as directed at (131). 

A small platinum capsule (fig. 53) is very con- ^'®" ^• 
irenient for the fusion of insoluble substances. 




NOTES TO TABLE I. 

125^* A substance insoluble in water and acids will 
08t likely be one of the following : — carbon, sulphur, silica, 
licate of alumina (clay), fluoride of calcium, sulphate of 



* It is better to support the platinum foil upon the triangle (fig. 38) 
lan to hold it with tho tongs, which generally contaminate the sub- 
ance with iron. 
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baryta, sulphate of lime, binoxide of tin, chloride of silver, 
sulphate of lead or chrome-iron-ore. 

126. Sulphur is likely to be met with in several forms. 
Crude sulphur, as imported from Sicily and elsewhere, 
forms greyish yellow lumps, and leaves a slight dark residue 
when burnt 

Distilled Sulphur, used for the manufacture of gunpowder, 
forms pure yellow lumps, and bums without residue. 

Roll Sulphur (common brimstone) forms pure yellow cylin- 
drical sticks, also burning without residue. 

These three varieties dissolve entirely, or nearly so, in. 
bisulphide of carbon. 

Flowers of Sulphur (or sublimed sulphur) is a fine yelloMr 
powder, which burns without residue, but is not entireljr 
dissolved by the bisulphide of carbon, since it contains 
a considerable proportion of the insoluble variety o^ 
sulphur. 

Milk of Sulphur (or precipitated sulphur) is a white im- 
palpable powder which generally leaves a considerable white 
residue (sulphate of lime) when burnt. 

Viscous Sulphur, obtained by pouring hot melted sulphui 
into water, has a brown colour, and somewhat resemble! 
India-rubber ; it becomes brittle when kept for a few hours 
Sulphur sometimes separates in viscous masses when th< 
sulphides of the metals are dissolved in nitric acid. 
, 127. Carbon is met with in the forms of diamond % 
graphite, vegetable charcoal, animal charcoal, coal, coke " j 
gas-carbon, lamp-black, soot. 

Diamond is generally recognised by its extreme hardness ^ 
rendering it capable of scratching glass and even steel. It ii 
unaffected when heated, in a small leaden or platinum cup 
with hydrofluoric acid, or a mixture of sulphuric acid anc9 
ammonium fluoride, which would dissolve the imitations o"^ 
diamond. It burns with difficulty in air, even when heatecJ 
in the blowpipe flame, and is best recognised by burning it in 
oxygen, and detecting the carbonic acid produced, by means 
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of lime-water. The mode of effecting the combustion 
of the diamond is described in most works on Elementary 
Chemistry. 

Oraphite, plumbago, or black lead is recognised by its semi- 

oietallic lustre, especially when rubbed with a hard substance, 

*od by its greasy feeling between the fingers. It bums away 

^ery slowly when heated in air, and generally leaves a con- 

*^<ierable residue of (brown) peroxide of iron. 

Vegetable Cliarcoal (wood charcoal) may of course gene- 
'^Uy be recognised by its appearance. It glows readily 
^hen heated in air, and leaves a small quantity of white 
^^Tj light ash. 

Animal Charcoal (bone-black, ivory-black, char) bums 
P*^tty easily when strongly heated, but leaves a very large 
^^rthy residue (phosphate and carbonate of lime). This 
^^riety of charcoal effervesces slightly with hydrochloric acid, 
^Ixich dissolves the phosphate and carbonate of lime, the 
former being deposited as a white gelatinous precipitate on 
^^xing the filtered solution ¥rith ammonia in excess. 

Coal evolves a tarry odour when heated, and furnishes a 
^^le which burns away ¥rith some difficulty, leaving a mode- 
^^te ash consisting chiefly of silica and alumina, but having 
^ reddish-brown colour (due to peroxide of iron) if much 
^on-pyrites be present in the coal. 

Coke of course behaves in the same way, but does not 
^Volve tarry odours. Both coal and coke bum vividly 
(deflagrate) when thrown into melted nitre heated to redness. 
Oa9-carbon (the deposit which lines the interior of gas- 
^Qtorts) somewhat resembles coke in appearance, but is much 
harder and more compact, having almost a metallic sound 
^hen struck. It is very difficult to bum it in air, and a high 
^«mperature is required to deflagrate it with nitre. 

Lamp-black (spirit -black) is known by its dead black 
Appearance and great lightness. It glows easily when heated 
in air, and bums entirely away when pure, but commercial 
lamp-black oflen leaves a considerable white ash. 
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Soot may be recognised bj its odour. It bums easily in 
air. When boiled with solution of potash, it evolves an 
odour of ammonia, derived from the destructive distillation 
of the ooal. 

128. Chloride of Silver, AgCl, dissolves when heated 
with ammonia ; if an excess of nitric acid be added to the 
solution, white chloride of silver is reprecipitated, and 
becomes violet when exposed to daylight. 

Chloride of silver also dissolves in solution of hyposulphite 
of soda. 

129* The presence of fluor-spar may be confirmed accord- 
ing to (59). 

1 30. Should the fused mass have a bright yellow colour, 
it is due to the formation of an alkaline chromate, and indi- 
cates the presence of chromium. A dark green colour, 
changing to turquoise blue on cooling, is caused by manga- 
nate of soda, and indicates the presence of manganese. 

131. The platinum foil vrith the fused mass should be 

placed, as soon as the mass has 
set, in an evaporating dish (fig. 
54) containing about half an ounce 
(four teaspoonfuls) of distilled 
water. The dish is gently heated, 
and the surface of the foil lightlj 
rubbed, under the water, with a 
glass rod rounded at the end, 
until the mass has become de- 
tached. The foil is then re- 
moved, and the mass stirred with 
the water, and crushed under 
the glass rod until it is entirely 
disintegrated; the insoluble resi- 
due is then collected on a filter. 

132. Since the carbonate of soda (which has been used 
in the fusion) is liable to contain sulphuric acid as an impu- 
rity, it is advisable to test it for that acid before concluding 
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that the sulphuric acid here detected really belongs to the 
•ubstance. 

If the sulphuric acid be really present as an essential con- 
stituent of the substance insoluble in water and acids, it must 
exist in the form of sulphate of baryta, sulphate of strontia, 
sulphate of lime, or sulphate of lead. 

133. SulpJuUe of Baryta, BaSO^, or heavy-spar (some- 
times called barytes or cawk) occurs naturally in a transparent 
colourless form, crystallized in prisms. It is more commonly 
opaque, and of a brownish colour. By a skilful operator the 
barium may be detected in it by the blowpipe test (276). 

Artificial sulphate of baryta is an earthy white powder. 

Sulphate of Strontia, SrSO^, or celestine usually occurs in 
bltdsh opaque masses with a fibrous structure, but it is some- 
lames white or yellowish. The blowpipe test ¥rill indicate the 
strontium (244). 

Sulphate of Lime and Sulphate ofLeadhtLve been described 
tt(69) and (14) respectively. 

134. It sometimes happens that a slight brown precipi- 
tate of platinum sulphide is produced here, due to the 
corrosion of the platinum foil during the fusion. 

135. If tin be present in the insoluble substance, it will 
probably also be detected in the residue left on treating the 
^Used mass with water. 

The only compound of tin likely to be found here is the 
^noxide of Tin, 8nOs {Hn stone, stannic acid, putty-powder), 
Which occurs naturally either in separate crystals (stream-tin 
Ore) or in large masses (mine-tin ore) of inferior purity. It 
^ usually dark -coloured, heavy, and very hard, scratching 
glass like quartz. 

The presence of tin is easily confirmed by the blowpipe 

(241). 

Artificial binoxide of tin is a white powder which becomes 
yellowish when heated. 

Put^-powder commonly contains oxide of lead as well as 
binoxide of tin. 
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136. If antimony is present in the insoluble substance 9 
the greater part of it will probab!y be found, as antimoniat^^ 
of soda, in that portion of the fused mass which is insoluble 
in water. 

Aniimonic Acid, Sb^O^ the only insoluble compound €yf 
antimony likely to be met with here, is a white powder whioh 
assumes a yellow tint when heated. 

137. For confirmatory evidence of the presence of silicic 
acid, see (118, 119). 

Silicon or silicium itself, Si, would have been converted 
into silicic acid by the fusion with carbonate of soda. Its 
commonest form is that of a dark powder which dissolves 
when boiled with potash. If a little silicon be placed on » 
piece of platinum foil and sharply heated by directing a blow- 
pipe flame upon the under surface of the foil, it eats a 
hole in the metal, converting it into the fusible silicide of 
platinum. 

The so-called oxide of silicon which occurs in the residue 
left when cast iron is dissolved in hydrochloric acid, is fi 
grey, very light powder, which is easily dissolved with 
effervescence when heated with solution of potash, hydrogen 
being evolved, which is recognised by its inflammability. 

Silicic Acid or silica, SiOj, is met with in a variety of 
forms, of which the following are the most important. 

Sand is of various shades of colour. It is generally found 
to contain a small quantity of alumina (in the form of clay) 
and a little iron. 

Flint is known by its characteristic appearance. 
Quartz occurs in rounded pebbles or in transparent masses, 
sometimes of a pink colour. It is also commonly met witb 
in well-defined six-sided prisms with pyramidal terminations. 
Both quartz and flint scratch glass easily. 

Chalcedony varies very much in colour, its commonest 
form is milk-white and opaque. 

Soluble Silica is found in dull white earthy masses, or, in 
volcanic districts, in porous lumps like pumice, often stained 
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jellow with perfhloride of iron. It is easily dissolved when 
l^oiled with solution of potash. 



Common Simple Silicates. 



Names. 


Composition. 

1 


Clay^ 

Pumice 

Slate 

Steatite 

Meerschaum 

Iron slags 

£lectric calamine 


1 

Silicic acid, alnmina, water. ' 
Silicic acid, alnmina. ■ 
Silicic acid, alnmina. 
Silicic acid, magnesia. 
Silicic acid, magnesia. 
Silicic acid, oxide of iron. 
Silicic acid, oxide of zinc, water. 



Clay* (silicate of alumina) occurs in various degrees of 
Puritj, and may be generally recognised by its plasticity 
^hen mixed with water. 

fiy heating clay for some time with strong sulphuric acid, 
* part of it is decomposed, and if, after cooling, the mixture 
be diluted with water and filtered, it gives, when mixed with 
excess of ammonia, the characteristic gelatinous precipitate 
of alumina. 

Pipe-day and Kaolin are white, and consist of nearly pure 
silicate of alumina. 

Fire-day (Stourbridge clay) has a grey colour, and con- 
tains a little iron. Fire-brick (baked fire-clay) has a yellowish 
hue, from the presence of ferric oxide. 

Dinas Jire-brick consists almost entirely of silica. 

Common Clay has various shades of blue, yellow, and red, 
and often contains considerable quantities of iron and lime. 

Fuller's Earth is a brown clay containing iron. 

Brick, earthenware, and porcelain, since they are com- 
posed chiefly of baked clay, contain silicate of alumina, the 
two former sometimes containing much iron. 

When clay is fused, as directed in the table, the greater 



* Kaolinite, which appears to form the basis of the varieties of clay, 
has the composition Al2O3.2SiO2.2Aq. 

I2 
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part of the silica is not fbmid in the aqneons solution of the 
fused mass (as is the case with most other silicates), but in s^ 
gelatinous residue of silicate of alumina which is left undis — 
solved bj water, but dissolves in acids. 

Pumice and SlcUe are known 4>7 their appearance. 

Steatite, 3Mg0.4SiO,, Soap-atone, or French Chalk (silicate 
of magnesia), is recognised bj its peculiar soapy feel wher^. 
rubbed in the fingers. 

Meenchaum, 2Mg0.3Si0^2Aq., is a white earthy mineral ^^ 
met with in rounded masses. 

Iron Slag (silicate of iron) has been described at (p. 44) «. 

Electric Calamine (hydrated silicate of zinc), or zinc glance 9 
2ZnO.SiO,Aq., is usually greyish white, with a glassy lustr^^- 
When the mineral is boiled vrith hydrochloric acid, the silic^^ 
separates in the gelatinous state, and the zinc is dissolved is3. 
the form of chloride. 

138. It is of course unnecessary to examine for potas-- 
slum, sodium, and ammonium in this solution. 

139. Any portion of the substance which has not beexi 
finely powdered is likely to be left here. 

140. Chrome- iron ore is never completely attacked by the 
fusion, and may be recognised by fusing it on platinum ibil 
with carbonate of soda and nitrate of potash. On soaking tli^ 
foil in warm water, a yellow solution is obtained whioh 
should be filtered, acidified with acetic acid, and tested witli 
lead acetate, which gives a yellow precipitate. The undissolved 
residue may be dissolved in strong hydrochloric acid and 
tested for iron (44). 

Carbon, in some very incombustible forms, may also be 
left here. Such carbon can only be consumed by protracted 
heating in a muffle. 

141. Examples for Practice in Table I. — The following* 
substances may be analysed for practice. See (10). 



Floor spar 
Plaster of Paris 
Binoxide of tin 
Powdered pipe-clay 



Sulphate of barjta 
Sulphate of lead 
Whito Band. 



TABLE K. 
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NOTES TO TABLES K, ^ M, AND H. 

Ii46. Much ittentioii ahoaldbe paid to the odour erolTe^ 
on beating the snbstanee, since man j oiganiG adds may t>^ 
at once reoogniaed in this waj. The analjit is recommend^^ 
to render himself fiLmfliar with the chaiaderistic odoois \>y 
heating small specimens of each of the organic acidsi 

Tartaric Add erolresasweetidi odour, somewhat likeths^t 
iA burnt sugar, 

Ciirie Acid erolTes a similar odour, but more pimgent. 

The componnds of Acetic Acid gire the peculiar firagiaxi^ 
odour of acetone. 

Bcfuoic Acid gives the aroma affraniineeiue. 

Succinic Acid emits yapours which prorc^e coughing, 

H^ppuric Acid famishes an odonr resembling Int^^^ 
almonds. 

Uric Acid eyolres a smeU of singed hairy in which a k&^^ 
scent will trace anmionia and hydrocyanic acid. 

147. If the substance leayes no residue when heated, ^^ 
is not likely to contain any metal except ammonium o^ 
mercury. 

Ammonium may at once be sought by boiling the vok^^ 
stance with solution of potash, which would evolve the pca>^^ 
gent odour of ammonia.* 

Mercury would be detected by boiling the substance yr%'^*^ 
dilute hydrochloric acid and slips of metallic copper, whi^'' 
would become coated with a silvery deposit, yielding globuJ^^ 
of mercury when dried and heated in a small tube. 

Proceed to detect the acid, as in column 2, Table K. 
148* The red colour caused by acetic acid (due toth^ 
formation of peracetate of iron or ferric acetate) should not 



* It must be remembered that urea also evolves ammonia when boilea 
with potash; but urea, unlike ammunia, is not precipitated by bichloride 
of platinum. 
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be bleached by chloride of meroury (in which it differs from 
that caused by the hydrosolphocyanic acid). 

To obtain confirmatory evidence of the presence of acetic 
acid, heat the substance with alcohol and concentrated sul- 
pHuric acid, which should eyolve the pleasant smell of acetic 
etlier, resembling that of cider. 

148. Acetic Acid, HC,U/),, itself is a colourless liquid, 
uaving the acid smell of vinegar^ without its aroma. It 
^^aporates when heated on a slip of glass, without leaving 
*^7 residue. 

If acetic acid is careixdly neutralized with ammonia or 
^^f bonate of ammonia, and a little nitrate of silver added, a 
^^'T^line precipitate of acetate of silver separates, especially 
^^ stirring briskly with a glass rod. The silver is not 
'^Uced to the metallic state on heating the precipitate with 
^6 liquid (as would be the case with formic acid, which, in 
^^hei^ respects, might be mistaken for acetic). 

■ 

^ Acetic acid yields a crystalline precipitate with mercuroua 
^^ate (protonitrate of mercury), if the mixture be stirred 
^i^kly with a glass rod. 

« Acetic acid is also characterized by its property of acquir- 
es an alkaline reaction to red litmus, when boiled with 
^de of lead (liUiarge), in consequence of the formation of 

^^^ basic acetAte of lead. 

Ihe most commonly occurring salts of acetic acid are 

Acetate of Lead (14), Tribasic Acetate of Lead, Acetate of 

^opper (27), Acetate of Alumina (51), Acetate of Iron, 

Aoetate of Potash, Acetate of Soda, and Acetate of Ammonia. 

Tribasic Acetate of Lead (or Qoulard^s extract), Pb2C,H, 

^,.2PbO.Aq., is commonly sold in solution, though it may 

^ crystallized in needles. It has a sweet taste, and turns 

^ed litmus paper blue. On breathing into a test-tube con- 

^iaining a little of the solution, and shaking it up, a white 
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precipitate of carbonate of lead is produced. Addition of 
common water to the solution also renders it milky. 

Acetate of Iron (ferric acetate), Fe3C,H,0,, forms a deep 
red solution, which is changed to yellow by hydrochloric 
acid. When a solution of ferric acetate is mixed with three 
or four times its volume of water and boiled, a brown pre- 
cipitate of basic ferric acetate is deposited. 

Acetate of Potash, KCjHjO,, is commonly sold in white 
opaque fibrous masses, having a faint acetic odour, and easily 
absorbing moisture from the air. It is very soluble in water, 
and the solution gives a bright red colour with perchloride 
of iron. 

When heated on platinum foil, acetate of potash fuses 
easily, evolves inflammable vapours, and leaves a residue of 
carbonate of potash, which is strongly alkaline to moistened 
red litmus paper, and effervesces with hydrochloric acid. 

Acetate of Soda, NaC,H,0,.3Aq., is sold either in moist 
transparent crystals or in greyish fibrous masses which have 
been fused. In other respects it resembles acetate of potash, 
but the residue of carbonate of soda, which it leaves when 
burnt on platinum foil, does not deliquesce in air like the 
carbonate of potash. It is very fusible, and requires a high 
temperature to decompose it. 

Acetate of Ammonia, NH^C^HjO,, is generally met with in 
solution ; on boiling it, the odours of acetic acid and ammonia 
may be perceived. 

1 SO. Formic Acid, HCHO^, is a colourless liquid of pun- 
gent odour, resembling that of acetic acid. It leaves no 
residue when evaporated. When formic acid is heated with 
nitrate of silver or bichloride of platinum, black deposits of 
the metals are obtained, especially if a little ammonia is 
added. 

The formiat'es of potassium and sodium, when heated with 
strong sulphuric acid, evolve carbonic oxide abundantly, 
which burns with a blue flame on applying the mouth of the 
tube to a light. 
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151. Meconic Acid, H,C,H0,.3 Aq., forms scaly crystals 
which have commonly a brownish colour, and dissolve yrith 
difficulty in cold, but easily in hot water. Alcohol also dis- 
solves them. 

The red colour produced by perchloride of iron with 
meconic add is not bleached by chloride of mercury (thus 
distinguishing it from hydrosulphocyanic acid). 

A solution of meconic acid which has been mixed with 
excess of ammonia, gives a white precipitate with chloride of 
calcium, which is soluble in acetic acid. 

None of the meconates are of common occurrence. • Meco- 
uate of morphia is sometimes used in medicine. 

152. Tannic Add (or tannin), C^^H^^O,, is a yellowish 
Or brovmish powder, which has a very astringent taste, and 
dissolves pretty easily when shaken with cold water. 

On adding potash or ammonia to a solution of tannic acid, 
it becomes brown, especially if shaken with air. 

Dilute sulphuric acid, added in considerable quantity, 
causes a white precipitate in solution of tannic acid. When 
the solution has been kept for some time, it fails to give this 
precipitate. 

The only tannate commonly met with is that of sesquioxide 
of iron (ferric tannate) which exists in writing ink. 

Ink may be identified by adding strong nitric acid, which 
reddens it, and changes it to a clear yellow on boiling. On 
adding excess of ammonia, the rusty brown sesquioxide of 
iron is precipitated. 

153. Gallic Acid, HC,H^O^, is a white or yellowish 
powder composed of minute shining needles. It is not 
visibly dissolved when shaken with cold water, but dissolves 
readily on boiling, being deposited again in delicate needles 
when the solution cools. 

Potash or ammonia causes a red brown colour in a solu- 
tion of gallic acid, which becomes much darker on shaking 
with air. 
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There is no gallate of common occurrence. 

154. Be quite sure that this brown precipitate is not ibe 
peroxide of iron precipitated because the original solution was 
alkaline. 

Bemoie Acid, HC^H^O,, is commonly met with in white 
feaihory cryitaU^ which are extremely light and have an 
agreeable odour of incense. It has a peculiar sweetish pun- 
gent taste, and is not easily dissolved by water. It dissohes 
easily in ammonia, and is reprecipitated in feathery flakes on 
adding excess of hydrochloric acid, if the solution be not too 
dilute. 

When gently heated in a tube, it fuses easily^ and sub- 
limes without leaving any residue of importance. Hippurio 
acid (156) much resembles benzoic. 

None of the benzoates are sufficiently common to require 
special description. 

155. The precipitate is of a much darker red brown 
colour in the case of succinic than in that of benzoic acid. 

Succinic Acid, H^Cfifi^, is a colourless crystalline acid, 
which dissolves easily even in cold water. The solution 
when mixed with excess of ammonia and chloride of barium, 
does not give any precipitate ; but if alcohol be added, the 
liquid deposits succinate of baryta as a white precipitate. 

Succinic, acid is characterized by its behaviour when 
heated; it first melts, and is then decomposed, evolving 
vapours which produce violent coughing. It leaves a very 
slight carbonaceous residue, which easily bums away. 

No salt of succinic acid can be described as being com- 
monly met with. 

156. Hippuric Add, HC^HgNO,, forms shining pris- 
matic crystals which are nearly insoluble in cold water, but 
dissolve readily on boiling, and are deposited as the liquid cools. 
It is almost insoluble in ether, and may thus be distinguished 
Irom benzoic acid, which dissolves easily in ether. 

When heated in a tube, hippuric acid melts and is decom- 
posed, evolving an agreeable odour (of benzonitrile, C,H|N) 
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resembling oil of bitter almonds, and leaving a carbonaceous 
residue. 

When heated with strong sulphuric acid, hippuric acid 
blackens more easily, and evolyes more sulphurous acid than 
benzoic acid does. If hippuric acid be dissolved in potash 
and evaporated to dryness, the residue evolves ammonia 
when heated. Benzoic acid, being free from nitrogen, could 
not furnish ammonia when thus treated. 

The hippurates are not commonly met with. 

157. The behaviour of the precipitate of tartrate of lime 
is very characteristic, and should be carefully observed. 

When precipitated, as in Table L, from an ammoniacal 
solution, it is flocculent or gelatinous, according to the 
strength of the solution ; but if it be set aside for some time, 
it becomes a granular crystalline precipitate. 

The flocculent tartrate of lime dissolves easily in chloride 
of ammonium, and is deposited again in a crystalline state if 
the sides of the tube beneath the liquid be well rubbed with 
a glass rod.* 

Crystalline tartrate of lime does not dissolve when shaken 
with chloride of ammonium, and not easily in acetic acid, 
so that it might at first be mistaken for oxalate of lime ; but 
if it be dissolved in hydrochloric acid, and an excess of 
ammonia added, it is not immediately reprecipitated, as 
would be the case with oxalate of lime, but requires brisk 
stirring with a glass rod, when it again separates in a crystal- 
line state. 

158. Tartaric Acid, H,C^H^O„ itself is sold either in 
colourless crystals, or as a white powder. It dissolves readily, 
even in cold water, giving a strongly acid solution. 

When heated, tartaric acid melts, carbonizes, and evolves 
a peculiar odour, somewhat resembling that of burnt sugar ; 



* The tartrate of lime precipitated from tartar emetic does not ezliibit 
this dispositioD to become crystalline. 
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the remaining carbon bums off without any residue if the 
acid is pure. 

When heated with strong sulphuric acid, tartaric acid 
soon gives a very black solution, and evolves a little carbonic 
oxide, which burns with a blue flame on applying the mouth 
of the tube to a light. 

Lime-water, added in excess to a very small quantity of 
solution of tartaric acid, gives a white precipitate of tartrate 
of lime, soluble in chloride of ammonium. 

A solution of tartaric acid, mixed with a small quantity of 
chloride of calcium, gives no precipitate ; 'but if potash be 
gradually added, tartrate of lime is precipitated, which dis- 
solves in an excess of potash, and is reprecipitated on boiling 
the solution, dissolving again as it cools. 

If much chloride of calcium be employed, some carbonate 
of lime is precipitated by the carbonic acid in the potash, and 
this does not dissolve in the excess of potash. 

Acetate of lead, added to a solution of tartaric acid, pro- 
duces a white precipitate of tartrate of lead, which is easily 
soluble in ammonia. 

If a solution containing tartaric acid be mixed with potash 
in excess and permanganate of potash, the green colour at 
first produced will disappear on boiling, a brown precipitate 
of manganic oxide being separated (see citric acid). 

The salts of tartaric acid commonly met with, are Bitar- 
trate of Potash, Tartrate of Antimony and Potash, an3- 
Tartrate of Potash and Soda. 

Bitartrate of Potash has been described at (p. 71). 

By dissolving it in a very small quantity of potash, an^ 
adding a little chloride of calcium, the white precipitate c^- 
tartrate of lime may be obtained, which dissolves in a'^ 
excess of potash, and is reprecipitated by boiling. 
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Tartrate of Antimony and Potash has been noticed at (39). 

Its solution in water is slightly acid, and gives, after a 
short time, a white precipitate of teroxide of antimony on 
adding ammonia ; this may be filtered off, and the solution 
tested with chloride of calcium (157). 

Tartrate of Potash and Soda, or Rochelle salt, KNaC^H^ 
0,.4Aq., forms large transparent prismatic crystals, whicli 
dissolve easily in water. If the solution be slightly acidified 
with acetic acid, and briskly stirred, a crystalline precipitate 
of bitartrate of potash is deposited. 

159. The precipitation by chloride of calcium in an 
ammoniacal solution on boiling, must not be regarded as 
satisfactory proof of the presence of citrio acid, since other 
precipitates, particularly carbonate and sulphate of lime, 
may, tinder some conditions, be obtained in a similar way. 

Citric Addj HjC^H^Oy.Aq., forms colourless crystals, which 
are readily dissolved by cold water. 

When heated, the crystals fuse, carbonize, and emit irri- 
tating inflammable vapours, very different from those evolved 
by tartaric acid. Citric acid also leaves less charcoal than 
tartaric. The charcoal burns away entirely if the acid is 
pure. 

Strong sulphuric acid heated with citric acid, evolves 
much carbonic oxide gas, recognised by its burning with a 
blue colour on applying the mouth of the tube to a flame ; 
the mixture does not carbonize so readily as in the case of 
tartaric acid. 

Lime-water, added in large excess to a very small quantity 
^^ 8olution of citric acid, does not produce a precipitate until 
^"6 mixture is boiled, when citrate of lime is deposited. On 
cooling the solution, the precipitate will, at least partly, be 
^®<lissolved, since citrate of lime is more soluble in cold than 
*^ hot water. 

Cihloride of calcium, added to a solution of citric acid, 
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gives no precipitate ; but if potash be added, citrate of lime 
is separated, which does not redissolve, like tartrate of lime, 
on adding an excess of potash. 

If a solution containing citric acid be mixed with potash 
in excess and permanganate of potash, the latter will be 
changed to the green manganate of potash, which will not 
become brown on boiling (see tartaric acid). 

The only citrates which are at aU commonly met with 
are the medicinal preparations— citrate of iron, ammonio- 
citrate of iron, citrate of iron and quinine, and citrate of 
bismuth. 

Citrates of lime and magnesia are imported from Sicily, 
for the preparation of citric acid. 

Citrate of Iron (ferric citrate) forms brilliant red or yellow 
transparent scales, which taste sweet and astringent; they 
dissolve readily in water, forming a brown solution which 
is precipitated by alcohol. The presence of citric acid 
prevents the precipitation of the ferric oxide on addition 
of ammonia. 

AmmoniO'Citrate of Iron is very similar to the citrate. 

Citrate of Iron and Quinine also forms fine yellow scales, 
in which, however, the bitter taste of quinine is perceptible. 
Its solution yields a white precipitate of quinine on addition 
of ammonia.* 

Citrate of Bismuth is remarkable as being the only prepa- 
ration of bismuth which can be dissolved in water without 
decomposition. 

By decomposing its solution with hydrosulphuric acid, th 
bismiith may be precipitated as sulphide, and the filtered^ 
solution, afber evaporating to expel excess of hydrosulphuric= 
acid, may be tested for citric acid. 



* The citrate of iron and quinine of the Pharmacqpceia contains boi 
ferrous and ferric oxides, so that it yields a dark blue colour with lio 
ferroojamde and fenicyanide of ]^taii^\\mi. 
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In the tnedicinal preparation, citrate of ammonia is usually 
present. 

CUruU of Limiy Ca,2C,H^Oy.4Aq., is a white powder which 
turns red litmus blue. It dissolves sparingly in water, but 
readily in hydrochloric acid. Ammonia precipitates the 
solution only when boiled. When heated on platinum, it is 
charred and decomposed, leaving a residue of carbonate of 
lime, which effervesces with hydrochloric acid. 

Citrate of Magnesia, Mg32CjH^O,.14Aq., is a ciystalline 
granular salt, which is more soluble in water than the citrate 
of lime. 

The so-called '* granulated effervescing citrate of magnesia" 
is often composed of a mixture of carbonate of soda with 
citric, or occasionally tartaric acid, which do not act upon 
each other until water is added. 

159c». The chance of error from this cause is diminished 
by mixing tlie original solution with carbonate of ammonia 
Tmtil it is slightly alkaline, and evaporating at a gentle heat 
tall it is neutral. 

160. This is a very satisfactory test for malic acid, if the 
solution be not too dilute and a large excess of lead acetate 
be avoided. The malate of lead fuses into a white opaque 
drop, which feels sticky when touched with a glass rod. 

The crystallized malic acid is somewhat deliquescent, has 

^ agreeable sour taste, and dissolves easily in water and 

^cohol. When heated in a tube, it fuses easily, and is afler- 

^ards decomposed, with effervescence, evolving very pungent 

^ftpours of fomaric and malseic acids, which condense in 

^^stals upon the cool part of the tube.* 

lOl. The presence of uric acid may be confirmed by 
^^ test given in column 2 of Table N. 

Uric Acid (or lithic acid), H^C^H^N^O,, itself is a white or 
yellowish white crystalline powder, which dissolves very 



^ The in:ilic acid of commerce sometimes contains a little oxalic aoid 
^* an impurity. 
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Sparingly, even in boiling ivater. It is also nearly insoluble 
in hydrochloric acid, bat dissolves on boiling in dilute nitric 
acid, with brisk effervescence. It is also dissolved when 
heated with a moderately strong solution of potash, and is 
reprecipitated from this solution in a crystalline state, on 
adding a slight excess of hydrochloric acid. 

When heated, uric acid is carbonized, and emits vapours 
in which the smell of ammonia and that of hydrocyanic acid 
can be distinguished. 

On platinum foil, uiic acid, if pure, burns without residue. 

Strong sulphuric acid does not blacken uric acid to anj 
great extent, even on heating, but dissolves it, in great 
measure without cliange. On allowing the solution to cool, 
and adding water, the greater part of the uric acid is pre- 
cipitated. 

The uric acid deposited from urine and occurring in 
urinary calculi, is often coloured yellow or brown by colour- 
ing matters derived from the urine. 

The urates of soda and ammonia are commonly met with 
as deposits from urine, coloured yellow, brown or red, by 
the colouring matters of that excretion. They are both 
dissolved when heated with water, and deposited again as the 
solution cools. On adding hydrochloric acid to the waroo 
solution, crystalline uric acid is precipitated. 

Urate of Ammonia^ NH^HC^H^N^O,, of course, evolves tb€ 
smell of ammonia when boiled with potash. 

Urate of Soda, NaHC^H,N^O„ when heated on platinuiB 
foil, leaves a residue of carbonate of soda, recognised by i^ 
solubility in water, giving a strongly alkaline solution, which 
effervesces with hydrochloric acid. 

IGla. In some cases it is difficult to identify the 
organic acid in a salt until the metal has been removed.. 
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ere the metal present belongs to either of the first three 
sea (p. 6), the salt maj be suspended or dissolved in 
er, treated with an excess of hjdrosulpharic acid, filtered 
n the metallic sulphide, evaporated to a small bulk, and 
ed by Table L. Salts of barium, strontium, calcium, and 
piesium may be boiled with carbonate of soda, filtered, and 
solution examined by Table M. 

k)meof the rarer organic adds are described at (174, 215, 
5, 232). 

162. Examples for Fractice in Tahlesl^j Ii^ XK^ and N. 

rhe following substances may be analysed for prac- 
e (10) :— 



Tartaric acid 
Bitartrate of potash 
Tartar emetic 
Acetate of lead 
Uric acid 



Tannic acid 
Gallic acid 
Benzoic acid 
Citric acid 
Acetate of soda. 
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NOTES TO TABLE O. 

164* Caffeine would give no precipitate with potash, and 
would haye escaped detection in the Table. 

Caffeine (or Theine), CgHj^N^O^.Aq., crystallizes in needles, 
which have a somewhat bitter taste, and dissolve slightly in 
cold water, but entirely in boiling water; the solution is 
neutral. It is also soluble in alcohol and ether. Gently 
heated in a tube, caffeine fuses and sublimes in fine needles. 
To identify it, dissolve it in very little strong hydrochloric 
acid, add a small crystal of chlorate of potash, and evaporate 
just to dryness : the residue has a pink or red colour, and 
dissolves in ammonia to a fine purple liquid, which is bleached 
by potash. 

165. Morphine, Cj^Hj^NOj-Aq., is a white crystalline 
powder, which dissolves sparingly even in boiling water, 
yielding a bitter solution, which is alkaline to test-papers. 
It is also soluble in alcohol, but not in ether. 

Strong nitric acid colours morphine orange-yellow, and 
produces a similar colour in solutions containing morphine. 

Perchloride of iron (ferric chloride), free from excess of 
ftcid, colours morphine inky blue. 

Morphine, heated with strong sulphuric acid, and stirred 
^ith a glass rod moistened with nitric acid, gives a rapid 
play of colours, from dingy green to a rich brown. 

The hydrochlorate (muriate), meconate, and acetate of 
Morphine are easily soluble in water. By mixing the aqueous 
Solution with carbonate of soda, and stirring briskly, the 
Morphine is precipitated, and may be collected upon a filter, 
hashed with cold water, and tested with perchloride of iron 
^kr with nitric acid. 

Meconate of Morphine ia not crystaliizable. 
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Acetate of Morphiney Cj,Hj,NO,,C,H^O,, is crystalline, buk 
yerj deliquescent. 

Hydrochlorate of Morphine is crystalline, Cj^Hj^NO,. 
HC1.3Aq., and not deliquescent 

The acids may be detected as in Tables H and L. 

166. Brucine, CjjHj^N^O^.iAq., is a white crystalline 
powder, which may be dissolved by boiling water, yielding 
a bitter solution. It also dissolves in alcohol, but not in 
ether. 

Strong nitric acid gives a bright red solution with brucine, 
which becomes yellow when heated. Protochloride of tin 
(stannous chloride) changes the yellow colour to violet 

If brucine be dissolved in a drop or two of diluted hydro- 
chloric acid, and ammonia carefully added, an oily-looking 
precipitate of brucine separates, which afterwards changes to 
needle-like crystals. Excess of ammonia dissolves the oilj 
precipitate, and the solution deposits the needles after some 
time. 

167. Strychnine, C^jH^N^O,, is met with either as a fine 
white powder, or in hard prismatic crystals. It is scarcely 
perceptibly dissolved, even by boiling water, but the solution 
has an intensely bitter taste. It dissolves rather sparingly in 
ordinary alcohol, and is insoluble in absolute alcohol and in 
ether. 

If strychnine be dissolvecl, on a white surface of porcelain, 
in strong sulphuric acid, and stirred with a few particles of 
binoxide of lead (brown oxide), it gives a dark violet purple 
colour, quickly changing to red. The test with bichromate 
of potash, given in Table O, is far more delicate, especially if 
a very minute quantity of the bichromate be employed. 

168. A solution of bromine in water may be substituted 
for chlorine water in testing for quinine. Strong solutions 
of quinine yield a green precipitate when tested with chlorine 
(or bromine) and ammonia. Another excellent test iot 
quinine consists in adding to the acid solution a little chlorine 
or bromine water, a drop or two of ferridcyanide of potassium) 
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and, drop by drop, ammoaia, which produces a fine red colour 
bleached by excess of ammonia. 

Quinine^ C^Hj^N,0,.3A^., is a white crystalline powder, 
which is sparingly dissolved even by hot water, but dissolves 
easily in alcohoL Ether does not dissolve it so easily. Its 
solution is very bitter, and is alkaline to test-papers. 

If quinine be dissolved in diluted sulphuric acid, and the 
solution mixed with water and examined by daylight in a 
test-tube, it will be found to exhibit a very pretty shade of 
blue when in certain positions, though it appears quite colour- 
less when held directly between the eye and the light. 

This fluorescence is very characteristic, and may be seen 
even in dilute solutions. 

Sulphate (or basic sulphate) ofquirUne, 2C,^H,^NjOj.HjSO^. 
7Aq., forms very light silky needles, which are very bitter, 
and will not dissolve, even in boiling water, unless a little 
sulphuric or hydrochloric acid is added. 

If sulphate of quinine is adulterated with salicine, C^gH^^O,, 
it assumes a red colour when moistened with strong sulphuric 
acid. 

To detect the presence of cinchonine, the sulphate is shaken 
in a test-tube (or small stoppered bottle) with ammonia and 
ether, when pure sulphate of quinine entirely dissolves, the 
solution separating into two layers; whilst any cinchonine, 
being insoluble in ether, separates on the surface of the lower 
(aqueous) layer. 

169, Narcotinej Cj^H^^NOy, is a white crystalline tasteless 
substance, which is not alkaline to moistened test-papers. It 
is insoluble in water, but dissolves in alcohol and ether, 
yielding bitter solutions. 

To identify it, dissolve it in a considerable quantity of 
strong sulphuric acid, and stir the liquid with a glass rod 
moistened with strong nitric acid, a dark red colour is pro- 
duced, which is bleached by more nitric acid. 

If a few drops of solution of perchloride of iron be care- 
fully added, from the end of a glass rod, to the solution of 
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narcotine in strong snlphoric acid, a deep red liquid is pro- 
duced, which becomes of a brighter colour on cooling. 

If narcotine be dissolved in dilute hydrochloric acid, and a 
little solution of bromine be added, a yellow precipitate is 
obtained, unless the solution is yeiy dilute. On heatings 
this precipitate is dissolved, and, by gradually adding solutdon 
of bromine and boiling, a fine rose colour is produced, even 
in very dilute solutions. Excess of bromine destroys the 
colour. 

170. Cinchomne, C,^Hj^NjO, is white, crystalline, and 
slightly bitter. It m almost insoluble in water, but dissolves 
in alcohol, yielding a bitter solution which has an alkaline 
reaction. Ether does not dissolve it. Gently heated in a 
tube, cinchonine fuses, emits a peculiar tarry ammoniacal 
odour, and yields a sublimate of shining needles on the cooler 
part of the tube. Moistened with dilute sulphuric acid, and 
heated, it yields a fine red colouring matter. 

If cinchonine be dissolved in as little dilute hydrochloric 
acid as possible, the solution gives, with ferrocyanide of 
potassium, a yellow precipitate, which dissolves when warmed 
with a slight excess of the ferrocyanide, and is deposited in 
yellow scales or needles on cooling. 

Sulphate of cinchonine^ 2C,^H,^N,O.H,S0^.2Aq., forms 
white or brownish prismatic crystals which fuse when heated, 
and yield a fine red colouring matter, as well as an aromatic 
odour. 

171. Examples for Practice in Table O.— The following 
substances may be examined for practice (10) : — 



Hydrochlorate of morphine 
Strychnine 



Sulphate of quinine 
Cinchonine. 
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EXERCISE X. (See (234) for Examples for Practice.) 

172. Identification of the more Common Organic 

Substances.* 

1. Solid Organic Substances. 
A. Characterized by Colour, 

173. Indigo, C^H^O. — Dark blue. Insoluble in water, 
Icohol, and ether. 

Heated in a tube (17), yields violet vapours, smelling of 
DiUne and ammonia. 

Strong sulphuric acid slowly dissolves indigo, when heated, 
iving a blue solution, which is changed to brown- yellow by 
itric acid. 

Shaken in a corked tube with sulphate of iron (ferrous 
iilphate) and slaked lime, and allowed to settle, indigo dis- 
olves to a yellow solution (reduced indigo, C^H^NO), which 
«comes blue-green when decanted and acidulated with 
ydrochloric acid. 

174. Picric or Carhazotic Acid, HC,H,03N0,.— Yellow 
rystals. Very bitter. Stains the skin yellow. 

Water dissolves it sparingly. Bright yellow solution. 

Alcohol- dissolves it easily. The solution gives a yellow 
:ystalline precipitate when stirred with a little potash. 

Heated in a tube, fuses, and sometimes explodes slightly. 

Strong sulphuric acid dissolves it, and deposits it unchanged 
n addition of water. 

Heated with solution of chloride of lime (bleaching powder), 
' evolves a very pungent odour like oil of mustard, due to 
hloropicrine, CCl^tsO,. 

175. Caramel, G^^fi^. — Dark brown. Deliquescent, 
lightly bitter. 

Very soluble in water, dark brown solution. 
Sparingly soluble in strong alcohol. 



V 



* Excluding those which are treated of in Exercises 8 and 9. 
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Heated in tube, carbonizes, and emits the odour of bum 
sugar. 

Strong sulphuric acid carbonizes it. 

B, Characterized hy Odour, 

176. Carbolic Acid (Phenic Acid) ; Phenole, C^^fi. 

Moist needle-like crystals; colourless or pale browi 
Powerful odour of coal-tar. Very easily melted. Watc 
dissolves it sparingly. Easily soluble in potash. 

Alcohol dissolves it readily. 

Perchloride of iron (ferric chloride) gives a dark purple 
blue coloiir with the aqueous solution of carbolic acid. 

Dropped into strong nitric acid, carbolic acid is oxidize 
with great violence, yielding a red solution ; if this be boile 
and allowed to cool, it deposits prismatic crystals of pier: 
acid which may be identified by (174). 

176a. Hydrate of Chloral, C,HC1,0.H,0., white crysta 
line solid. Easily dissolved by water. 

Remarkable pungent odour. 

Easily melted and volatilized. 

Heated with potash, yields an oily-looking layer of chlor 
form and a solution of formiate of potash, which may 1 
identified by neutralizing with dilute sulphuric acid, addii 
nitrate of silver in excess, decanting the clear liquid ire 
any precipitated chloride of silver, and boiling it, addi' 
ammonia, drop by drop, when metallic silver is precipitate^ 

C. Without Characteristic Colour or Odour. 
Examine by Table P. 
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NOTES TO TABLE P. 

178. The commonest of these organic substances which 
are dissolved to any considerable extent by being shaken 
with cold water are — * 



C'aDe-sngar 

Grape-sugar (or glacose) 
Milk-sugar (or lactine) 

Soluble albumen. 



Pyro^Uine (or pyrogallic acid) 

Salicine 

Urea 



178. Cane-sugar^ Ci»Hj,Ojj, identified. 

Add to the solution a few drops of sulphate of copper, and, 
drop by drop, potash. The blue precipitate first produced re- 
dissolves in the excess of potash, to a blue liquid. Boil for 
some minutes, suboxide of copper (cuprous oxide) is deposited, 
first as a yellow hydrate, afterwards as the red anhydrous 
oxide. 

To another part of the solution, add excess of potash and 
boil, only a very light-brown colour should be produced. 

Heat a portion of the solid substance with strong sulphuric 
acid, which should carbonize it almost immediately. 

To a part of the aqueous solution, add a few drops of dilute 
hydrochloric acid, and boil for a few minutes ; the cane-sugar 
is thus converted into grape-sugar, which may be identified 
by the following tests. 

180. Grape-sibgar^ C^Hj^Oy, identified. 

Add to the solution an excess of potash, and boil. The 
liquid should assume a rich brown colour. 

To another part of the solution, add a few drops of sulphate 
of copper, and, drop by drop, potash. The blue precipitate 
first produced redissolves in the excess of potash, to a blue 
liquid, which deposits suboxide of copper when heated (at 

* See foot-note on page 142. 
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first yellow and afterwards red) more readily than in the case 
of cane-sugar. 

Heat a portion of the solid substance with strong sulphuric 
acid : it should not carbonize so readily as cane-sugar. 

Grape-sugar is much less sweet than cane-sugar.* 

181. Milk-sugary Cj,H^O„, identified. 

Very much less sweet than either cane- or grape-sugar. 

Feels gritty between the teeth. Almost insoluble in 
ordinary alcohol, which dissolves cane- or grape-sugar on 
leating. 

Answers to the same tests as grape-sugar. 

182. Vrea, C,H,N,0„ identified. 

Prismatic crystals. Resembles nitre in appearance and 
taste. Very soluble in water and alcohol. 

Heated in a tube, melts easily, and evolves much ammonia. 

A pretty strong aqueous solution of urea, stirred with con- 
centrated nitric acid in excess^ and allowed to stand, deposits 
Bcaly crystals of nitrate of urea. 

If a strong solution of oxalic acid be substituted for nitric 
Eicid, crystals of oxalate of urea are deposited. 

If a solution of urea be mixed with a solution of mercuric 
[iitrate,t a white precipitate is produced. 

On adding excess of silver nitrate to solution of urea, and 
boiling down, in a test-tube, to a small bulk, a crystalline 
jrecipitate of silver cyanate separates on cooling ; if this 
precipitate be heated with dilute hydrochloric acid, it efiEer- 
iresces, and evolves the pungent odour of cyanic acid ; on 
idding potash, and boiling, the odour of ammonia is per- 
seived. 

183. Pyrogallic acid or Fyrogallin, C,H,0,, identified. 

. White or slightly brown crystalline powder. Often 

* Sngar of finits (fi^ctose or nncrystallizable sagar) answers to the 
Hune tests as grape-sugar. 

t Prepared by adding finely-powdered red oxide of mercury to Lot 
utric acid as long as it is diiMioiTed. 
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collected into feathery flakes. Bitter. Very light. Dissolyea 
easily in water, alcohol, and ether. 

Potash renders it intensely brown, oxygen being absorbed 
from the air. 

Sulphate of iron (ferrous sulphate) colours solution of pyro- 
gallic acid dark blue. 

Perchloride of iron (ferric chloride) gives a fine red colour 
with solution of pyrogallic acid. 

184. Salicinej C^fl^fi^j identified. 

White crystalline powder. Bitter. More soluble in alcohol 
than in water, Insoluble in ether. Concentrated sulphuric 
acid converts it into a blood-red resinous mass. Its aqueous 
solution, boiled for some time with hydrochloric acid, yields 
a granular precipitate of saliretine. 

185. Soluble Albumen, C^H^^N^SO,,, identified. 
Yellowish white shining scales. Tasteless. Assumes the 

appearance of gum in cold water. Becomes opaque and 
insoluble when boiled with water. The solution of albumen 
in cold water is coagulated by boiling. 

Dilute nitric acid precipitates it. 

Perchloride of mercury (corrosive sublimate) causes a 
white precipitate. 

186. The commonest neutral organic substances which 
are not dissolved by cold water,* but dissolve in boiling 
water are — 



Gelatine 

Soap 

Gum 



Dextrine or British gum 

Starch 

Oxalate and nitrate of urea. 



187. /S'torcA, C,H^^O., identified. 

White. Tasteless. Forms a paste when boiled with a 



* It must be remembered that this is not a very exact distinction ; 
thus, at the ordinary temperature of the laboratory, dextrine and the 
oxalate and nitrate of urea dissolve pretty readily. 
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small quantity of water ; even with much water, yields a 
turbid solution. 

Boiled for some time with dilute hydrochloric acid, the 
solution becomes thinner, and answers to the tests for grape- 
sugar (180). 

Solution of iodine in water, added to the (cold) solution of 
starch, gives a fine blue colour which disappears on boiling, 
and returns as the liquid cools. Potash destroys the blue 
colour. 

188. Dextrine, C^Hj^O,, identified. 

Yellowish. Tasteless. Behaves like gum with cold water. 

Boiled for some time with dilute hydrochloric acid, the 
solution answers to the tests for grape-sugar (180). 

Solution of iodine does not give the blue colour. 

Tribasic acetate of lead (or ammoniacal acetate of lead) 
does not precipitate the solution of dextrine, which is thereby 
distinguished from ordinary gum. 

Solution of tannic acid does not precipitate dextrine, which 
thus differs from starch. 

188. Gum, C^H^Ojj, identified. 

Answers to the same tests as dextrine, but its solution is 
precipitated by tribasic acetate (or ammonia calacetate) of 
lead. Gum arable contains lime, which may be detected by 
oxalate of ammonia. 

180. Gelatine, C^H,yNj,Oj„ identified. 

Tasteless. Its solution in hot water sets to a jelly on 
cooling. Perchloride of mercury (corrosive sublimate) pre- 
cipitates it. Tannic acid precipitates it. 

Evolves very offensive alkaline vapour when heated in the 
dry state. 

19 1« Soap may be identified by the directions given at 
pp. 73 and 78. 

192; Oxalate and nitrate of urea crystallize readily 
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from their aqueous solutions oa cooliag. The nitrate evolves 
a remarkably pungent smell when heated in a Bmall tube. 

The oxalic and nitric acids may be detected by the tests 
given in Table H. 

The urea may be detected by mercuric nitrate (182), a 
little potash being first added. 

By adding carbonate of baryta to the aqueous solution, 
evaporating to dryness on a water-bath (231), and treating 
the residue with alcohol, the urea is dissolved, and may be 
obtained, by evaporation, in crystals which can be identified 
as in (182). 

If a solution of nitrate or oxalate of urea be mixed with 
excess of silver nitrate, filtered if necessary, sodium carbonate 
added till a slight permanent precipitate appears, boiled, 
filtered, and boiled down to a small bulk in a test-tube, the 
liquid, on cooling, deposits silver cyanate which may be 
identified as at (182). 

193. The commonest of these organic substances which 
are insoluble in water, but dissolve in hot alcohol, 



are — 



Stearine 
Palmitic acid 
Bosin 



Stearic acid 
Cholesterine 
Naphthaline. 



194. Stearine, C^^H^^fi^, identified. 

White. Crystalline. Fuses in water heated to 160' F. 
(71° C.)* (See 194a.) 

Dissolves in boiling alcohol, but not with extreme facility ; 
deposited again on cooling. 

Boiled with potash, forms at first a milky emulsion^ and 
gradually dissolves, yielding a solution of soap, p. 73. Heated 
on platinum or porcelain, evolves the characteristic pungent 
fumes of acroleinej and burns with a luminous fiame. 



* One modification of stearine fuses at 131** F. (55** C.) 
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04a. To ascertain the exact temperature at which a suIh 
)eju8e8t draw out a piece of glass tube (Fig. 15, p. 22) to a 
tapering point, and introduce a fragment of the sub- 
« to be tested. Warm the tube gently so that the 
ed substance may run into the point, where it will 
me opaque on cooling. The tube is now plunged, 
;her with a thermometer, into a beaker (Fig. 55) of 
r slowly heated over a lamp, and the temperature is 
1 at which the point becomes transparent, in consequence 
e fusion of the substance. 

BSm Stearic Acid, HC^gH^^Oj, identified, 
hite. Crystalliae. Fuses in water heated to 160° F. 
C.) (See 194a.) Dissolves very easily in boiling 
lol; the solution reddens litmus. Potash speedily dis- 
s it, yielding a solution of soap (191). When heated, 
es not evolve the pungent fumes of acroleiae. It burns 
a luminous flame. 

96. Palmitic Acid, HC^Hg^Oj, identified. 

hite. Crystalline. Fuses in water heated to 144** P. 
C.) (See 194a.) In other respects resembles stearic 

97. Choleslerine, C^fl^fi, identified. 

'ansparent tabular crystals. Infusible even in boiling 
r. Dissolves easily in boiling alcohol, and crystallizes 
n rhombic plates. Not changed by boiling with potash. 
Lses easily when heated to 293° F., and passes off in 
iir, which burns with a luminous flame, 
listened with strong nitric acid, and evaporated to dry- 
gives a yellow residue changed to red by ammonia. 
)istened with strong hydrochloric acid, a little per- 
ide of iron added^ and evaporated to dryness, assumes a 
t blue colour. 

)8. JRosin identified. 

oai-transparent yellow or brown solid, smelling of tur- 

L 
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penline. Dissolves in boiling alcohol ; the solution depoiita 
small crvBtaU (of sylvic acid, HC„H„0,,) as it cools. 

DissolTes in boiling ]>oliisL, aod is reprecipitated in loft 
■olid flakes by hydrochloric acid. Fuses eawly (at 260° or 
270° F.) and burns with a very smofcy flame. 

188. Naphthaline, C„H,, identified. 

Transparent flaliy crystals smelling strongly of coal-gsa. 

Fosea in hot water nt l?!" F. (79" 0.) (See 194a.) 

Burns with a very smoky flame. Not changed by hoiling 
with potash. Heated in a dry test-tube, sublimes in oryslflli 

200> l^lie inflammability of ether and the readiness nitli 
which it is coDTerted into vapour, render it necessary to be 
very careful in using it. 

Never bring a bottle of ether within two or three feet of a 
flame. Keplace the stopper immediately. 

In boiling B substance with ettet, 
do not employ a flame, but place l)>' 
teat-tube in some hot water, *n^ 
close the orifice lightly with the fingw 
in order to restrain the escape oi 
vapour (6g. 55). 

201. The commonest organic snb- 
stances which are insoluble in water, 
and sparingly dissolved by alcohol, 
butsolubla in boiling ether, arc— 

I Wax 

setins | Paraffins. 

202. Palmtine, C„H„0„ identified. 

White. Crystalline. Fuses in water heated to 145° F, 
(63° C )• (See 194a.) 

Behaves in other respects like eteaiine (194), except asto 
its solubility in alcohol. 




* One moJificatiouof pBlmitine I 



SPESMACETI. WAX. PARAFFINS. 147 

203- Spettnaceti, C^H^O,, identified. 

Characteristic pearly crystalline appearance. Fuses in 
rater heated to 120° P. (49° C.) (See 194a.) Boiling with 
otash does not saponify it. Does not evolve the pungetn 
apours of acroleine when heated, thus difEering froiv 
lalmitine. 

204. TFoop identified. 

White or yellow ; not distinctly crystalline. Fuses in wate. 
leatedto 145° or 150° F. (63° or 66° C.) (See l?4a.) 

Boiled with alcohol, is partly dissolved. When the solu- 
aon cools, cerotic acid, C^H^O,, crystallizes out, which fuses 
n water heated to 174° F. (79° C.) The alcoholic solution 
'eddens litmus. When evaporated on a water bath, it leaves 
^roleine, a greasy substance of peculiar odour, fusible at 
!3«» F. (28° C.) Wax is little affected by boiling with potash. 

205. Paraffine identified. 

White. Crystalline ; rambles spermaceti. Fuses in water 
eated to 112° F. (44° C.).* (See 194a.) Very sparingly 
)lubl6 in alcohol. Unaffected by boiling with potash. May 
e distilled with little decomposition, which is not the case 
ith wax. 

20G. The commonest organic substances which are in- 
^luble in boiling water, alcohol, and ether, and which 
annot be distinguished by their organized structure,')' are — 

Albnmen I Caseine. 

« ' 

Albumen and Caseine^ in their coagulated or insoluble 
bates, so nearly resemble each other, that no satisfactory 
est can be given by which they may be distinguished. 

They are both white and opaque in the moist state, becom- 
Qg homy, yellowish, and translucent when dried. 



* Some specimenB of paraffine fase at 149* F. (65** C.) 
t Such sabstances as nbrine, cellulose, lignine, hair, silk, wool, horn, &c., 
rofuld alwajB be recognised without haying recourse to chemiod tests. 

l2 
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Dried albumen andcaseine, placed in water, slowly softea, 
swell, and become white and opaque. 

Heated in a tube, they carbonizei swell up, and emit very 
offensive yapours, which are strongly alkaline to reddened 
litmus paper. 

Strong nitric acid colours them bright orange, and gra- 
dually dissolves them when heated. 

Solution of nitrate of mercury, prepared by dissolving 2 
parts of mercury in 4 parts of nitric acid (sp. gr. 1*40) im- 
parts a bright red colour to albumen and caseine (Millon*s 
test). 

Potash dissolves albumen and caseine, when heated ; acetic 
acid, gradually added to the solution, causes a flocculent pre- 
cipitate, which is redisBolved by an excess of the acid. 

If albumen or caseine be boiled with potash, and a few 
drops of solution of acetate of lead, a dark precipitate of sul- 
phide of lead is produced. 

Strong hydrochloric acid slowly dissolves albumen and 
caseine with the aid of heat, yielding solutions which have a 
violet colour. 
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KCraS TO TABLE Q. 

208 • The coomioiieat liquid organic sabstances (not dis- 
iingmshjible by the preceding Tables) which have a distinct 
odour, and mix easily with water, 

Alcohol 

Aldehjde 

Acetone 



Wood-flpirit (methylic alcohol) 

XicotiBe 

Batjric acid. 



208. Alcohol, C,H,0, or Spirit of Wine (which is a 
mixture of alcohol and water), maj often be recognised at 
once bj its odour. 

If not too much diluted, it inflames readily, and burns with 
a pale flame. 

If much water be present, it may be separated ^ther bj 
carbonate of potash (226), or by distillation (227). 

When alcohol, CTca in a diluted state, is mixed with enough 
chromate or bichromate of potash to colour it distinctly, a 
little hydrochloric acid added, and heat applied, the red 
colour of the solution is changed to green, in consequence of 
the reduction of the chromic acid to chromic oxide by the 
deoxidizing eflect of the alcohol, a part of which is conTerted 
into aldehyde, distinguishable by its peculiar odour. 

By heating alcohol with some strong sulphuric acid, and 
an acetate (either acetate of potash, soda, or lead), the very 
agreeable odour of acetic ether is developed. 

210. Methylated' tpirit(& mixture of spirit of wine with 
wood-spirit) may be distinguished from pure spirit of wine 
by its odour, and by the bro¥m red colour which it. assumes 
when mixed with strong sulphuric acid. 

211. Wood Naphtha, CRfi (pyroligneous ether, pyroxylic 
spirit), is not commonly met with in commerce in a pure 
state, in which form it bears much resemblance to ordinaiy 
alcohol. The ordinary wood-naphtha has a yellowish colour 
and a peculiar nauseous odour. Wh^n mixed with water, 
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it becomes turbid, from the separation of certain oily 
impurities. 

Wood-naphtha bums with a pale flame, resembling that of 
alcohol. 

Potash immediately imparts a brown colour to wood- 
naphthv, an effect not produced with alcohol until some time 
has elapsed. 

212. Acetone^ C,H^O (wood- spirit), may be recognised by 
its peculiar odour (which may be ascertained by heating 
solid acetate of lead in a small tube). It differs also from 
alcohol and wood-naphtha by burning with a very luminous 
flame. 

213. Aldehyde^ C,H^O, has a very peculiar acrid apple- 
like smell which affects the eyes. When exposed to the air 
it passes off in vapour much more readily than alcohol, wood- 
naphtha, or acetone, first becoming acid from absorption of 
oxygen. 

If aldehyde be added to nitrate of silver mixed with a 
very little ammonia, the metal is reduced on the application 
of heat, and forms a mirror-like coating upon the side of the 
tube. Potash imparts a brown colour to aldehyde. Aldehyde 
is very inflamoiable, and burns with a pale flame. 

214- Nicotine^ ^io^i4^r ^^ ^^ ^^^7 liq^i^> tinged brown 
by exposure to air, and having a powerful odour of tobacco. 

Its aqueous solution is strongly alkaline to test-papers. 
When the aqueous solution is acidulated with hydrochloric 
acid, mixed with bichloride of platinum, and allowed to stand, 
it deposits a precipitate composed of very distinct prismatic 
crystals. 

Nicotine is inflammable, and burns with a smoky flame. 

2X5 • Butyric Acid, HC^H,0,, is a colourless liquid, 
having a most powerful smell of rancid butter. It is some- 
what lighter than water, in which it dissolves when shaken. 
If strong hydrochloric acid be added to the aqueous solution, 
the butyric acid separates again as an oil upon the surface. 
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When butyric acid is shaken with alcohol and oil of vitriol, 
butyric etlier is formed, which is recognised by its odour of 
pine-apple. 

2X6. The commonest liquid organic substances (not dis- 
tinguishable by the preceding Tables) which have a distinct 
odour, do not mix easily with water, but are miscible with 
potash, 



Carbolic acid (in its liquid form) | Valerianic acid. 

217. Liquid Carbolic Acid is usually met with as a 
brownish or brown liquid, having a powerful smell of tar. 
When poured into water, it sinks to the bottom. 

It may be further examined as at (176). 

218. Valerianic Acid, HC,H,0,, is a colourless oily 
liquid, which floats upon water, and has a powerful odour 
resembling that of valerian root. 

218. Aniline, C^H^N, is usually met with as a yellowisli 
or brown oily liquid, having a strong smell recalling that of 
ammonia. It sinks in water. 

Solution of chloride of lime added in excess to a drop of 
aniline shaken with water produces an intense purple colour. 
If toluidine be present, as is generally the case with commer- 
cial aniline, the purple colour passes into brown ; but if the 
mixture be shaken with ether, the latter will rise to the 
surface, carrying a red-brown colouring matter with it, and 
leaving the solution of a fine blue colour. Deal is stained 
yellow by aniline. 

Oxalic acid combines with aniline to form a sparingly 
soluble oxalate. 

Corrosive sublimate (mercuric chloride) in the solid form, 
heated with aniline, converts it into a dark purple mass 
which yields a purple-red solution in alcohol. 
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220. The commonest liquid organic substances (not dis- 
tinguishable hj the preceding Table) which have a distinct 
odour and do not mix easily with water, potash, or hydro- 
chloric acid, are — 



Ether 


Oil of bitter almondB 


Chlorofonn 


Nitrobenzole 


Benzole 


Bisulphide of carbon. 



221. Eiher^ C^H^^O, may be identified almost with cer- 
^nty by its odour. It is colourless, very easily inflammable, 
^d bums with a bright flame. Ether very easily passes off 
ci vapour when exposed to the air, so that when the mouth 
>f a test-tube wh'ch contains ether is applied to a light the 
apour takes fire, and bums at the mouth of the tube if the 
%tter be slightly inclined. 

Ether boils at a temperature (94°'8 F., Sd"" C.) which feels 
carcely warm to the hand. 
Oil or fat of any kind dissolves very easily in ether. 

222. Chloroform^ CHCl,, is a colourless, very fragrant 
iquid, which sinks in water (sp. gr. 1*5). 

It easily escapes in vapoigr when exposed to air, and boils 
It 142*' F. (6r C.) 

Chloroform dissolves india-rubber with great facility. 

When chloroform is gently heated with a solution of 
lydrate of potash in alcohol it yields chloride of potassium 
md formiate of potash. The former may be recognised by 
he white precipitate with nitrate of silver, insoluble in nitric 
icid, and the latter by neutralizing the alkaline liquid with 
lilute sulphuric acid, adding an excess of nitrate of silver, 
iecanling the liquid from the precipitate, and gently heat- 
ng it, when metallic silver will be separated as a dark 
precipitate, either at once or on adding a drop or two of 
unmonia. 

The teats for ascertaining the purity of the chloroform em- 
ployed in surgical operations, are the following : — 
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It should be quite free from any odonr of chlorine. 

When shaken with water, the solution should not redden 
blue litmus paper, or produce any turbidity with nitrate of 
silrer. 

When shaken with oil of vitriol, the mixture should re- 
main colourless. 

On evaporating a little chloroform on the hand it should 
not leave any unpleasant odour. 

223. Oil of Bitter Almonds, C,H,0„ has a very charac- 
teristic smell, a yellowish colour, and sinks in water. 

When heated with solid hydrate of potash it yields ben- 
zoate of potash. If the cool mass be dissolved in water, and 
hydrochloric acid added to the solution, benzoic acid is 
precipitated (154). 

As sold in the shops, the oil of bitter almonds is ofl;en 
dissolved in spirit of wine, from which it is separated on 
adding water. 

224. Nitrobenzole, C^H^NOj, or Essence of Mirbane^ 
much resembles oil of bitter almonds in appearance and 
odour, but may be easily distinguished from it by converting 
it into aniline. 

For this purpose, the nitrobenzole is dissolved in alcohol, 
some hydrochloric acid added, and a fragment of granulated 
zinc. When the evolution of hydrogen has nearly ceased, 
the liquid is mixed with excess of potash and shaken with 
ether, which dissolves the aniline. When the ether has risen 
to the surface, it is poured off into a small dish, and allowed 
to evaporate spontaneously, when the aniline will remain, 
and may be identified as at (219). 

225. Benzole, Cf^H,, or Benzine, or Benzene, is a colour- 
less liquid which smells strongly of coal-gas. 

It floats on water, is very inflammable, and burns with a 
luminous smoky flame. 
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When added, drop bj drop, to the strongest nitric acid, 
3nzole is dissolved, with evolution of much heat and red 
me, to a red liquid, and if this be poured into a large 
lume of water, a heavjr oil is separated, which is nitroben- 
)e, and may be identified as described above (224). 
Bisulphide of Carbon, CS„ is a colourless or yellowish 
[uid, which sinks in water and has a most offensive smell.* 

is extremely inflammable, and bums with a blue flame, 
litting a powerful odour of sulphurous acid. If a few drops 

placed in a watch-glass, aad blown upon, it will evaporate 
ry rapidly, condensing the moisture upon the glass into 
lite hoar-frost, and freezing a part of the bisulphide to a 
lite crystalline mass. 

226. Removal of water from alcohol by carbonate of potash, 
-Pour the liquid into a large test-tube, or a draught -bottle 
rnished with a good cork, so that the tube or bottle may be 
►out half-fllled. Introduce dried powdered carbonate of 
»tash, in small portions, shaking well after each addition, 

long as it dissolves in the liquid. If alcohol be present, 
will form a separate layer upon the surface of the solu- 
>n of carbonate of potash in water. Pour off* this layer 
refully into another tube, and dip a glass-rod in it to test 
I inflammability. It may then be examined by other tests 
r alcohol. 

227. Separation of alcohol and water by distillation, — To 
parate alcohol from water by distillation, the mixture must 
) maintained for some time at a temperature below 212*^ F. 
00** C), when the alcohol will rise in vapour much more 
adily than the water, and if the flrst portions of vapour be 
ndensed and collected in another vessel, they will be found 

contain the chief part of the alcohol. 



Purified bisulphide of carbon has not an offensive odour. 
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Distillation. — The best form of apparatus for distillatioii 
is that represented in fig. 57, where a represents a Retort^ 
through the tubuliu (b) of which a thermometer* (c) is fixed 
bj means of a perforated cork (228) so that the bulb of the 
thermometer nearly touches the bottom of the retort. The 
neck of the retort is thrust into the inner tube (d) of a Litbi^s 
condenser^ through the outer tube {e) of which a constant flow 
of water is maintained bj means of the pipes {f) (which comes 
from the tap) and {g) (which runs into the sink). These pipes 
are vulcanized india-rubber, and (/) is slipped on to a piece of 
gas-pipe or glass tube (A) bent into a hook, so as to hang 
upon the funnel (i). The joint {k\ where the retort neck 
is fitted into the condensing tube, is secured by a tight bandage 
made by warming a piece of sheet india-rubber about four 



Fio. 57. 




Distillation. 

inches long and one broad, securing one end of it with 
the thumb over the joint, and stretching it very con- 
siderably whilst binding it round the tubes (fig. 58). 
The condensed liquid drops into the bottle (w), which 
may be changed when necessary without disturbing the 
apparatus. 



Tbenno- 
meter. 



* Fig. 56 represents the thermometer adapted for tliis purpose. 
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Heat is gradually applied to the ^'*- ^®- 

retort, either by a rose gas-burner 
(^, 59), or a plain ring burner 
{^, 60), or an Argand burner with 
a chimney (fig. 82, p. 82). 

Since alcohol boils at US'" F. 
(78***8 C), a rough estimate of the 
proportion of alcohol present may 
be formed from the quantity bf^ 
liquid which distils over at a few 
degrees above that temperature, and 
the distillation may be stopped 
when the thermometer approaches 212* F. (100** C), and the 
taste and smell of the liquid distUling oyer {distillcUe) indicate 
the presence of very little alcohol. 

Where such an apparatus as that just described is not to 
be obtained, some simpler contrivance must be substituted 
for it. 




Rose barner. 
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A plain retort (a, fig. 60) with a long neck may be em- 
ployed, and any common bottle {b) will serve for a receiver. 



Pie. eo. 




DiaCillmtiaB. 

To promote condensation, a long strip of filter-paper (c) may 
be wetted and wrapped smoothly round the neck, a 

Fi6. «i. string of wet tow (rf) being passed twice round the 
S neck at the lower edge of the paper, and twisted 
tightly into a tail to carry off the water, which may 
either be gently poured from time to time upon the 
upper part of the paper, or allowed to trickle slowly 
from a funnel (e), the neck of which is partly stopped 
with tow. A tube funnel (fig. 61) is employed for 
introducing the liquid into the retort without scHling 
the neck. 

A flask with a bent tube (229), tightly fitted into 
it with a perforated cork (228), may be employed 
fannei. instead of a retort. One limb of this tube may be 20 
or 30 inches long, to ensure condensation, or it may 

be adapted, either by a perforated cork or a caoutchouc 

bandage, to a wider tube of considerable length (fig. 62). 

A convenient support for this tube is made by fixing a p^- 
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forated bung into the ring of a relort-stand turned round 
^uto the required position, 

Fia. M. 




228. To perforate eorkg. — Smooth cylindrical holes iire 
niado in corks with rat's-tail filet (fig. 63), beginning with a 



Bifi-Ui 

small size, nod employing the larger files as may be necea- 
Bary. Corke should always be kept on the points of the files 
when not in use, as the steel ia very brittle. 

A set of brass cork borers of '■«■ ">■ 

various nzes (lig. 65) will 
much lime. They are made to slip 4 
into each other, and are provided 
with a steel rod (fig. 64) which 
aerres as a handle and for thrusting out the cylinders of cork 
punched by the borers. A cork-borer is selected of some- 
irhat leas diameter than 
the tube for which the 
hole ia to be bored, 
and tlie rod is thrust 
through the holes in the 
bead of the borer. The 
cork is held firmly 
^;uiist the wall or the 
edge of a table (fig. 66), 
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and the borer worked straight into it, like a gimlet, until it is 
about halfway through the cork. The borer being withdrawn, 
and cleared, if necessary, with the rod, the cork is reversed, 
and bored in the opposite direction, so that the two holes 
may meet in the centre, and form a perfectly smooth cylin- 
drical passage, which is very carefully enlarged with a 
ratVtail file until it is just large enough to receive 
the tube, which should pass through it with considerable 
friction. 

lusting corks air-tight they should be carefully selected 
as free from flaws as possible, especially at the ends. The 
cork should be somewhat too large to enter the mouth of the 
vessel until it has been softened by rolling it heavily on the 
table with the palm of the hand, or, in the case of large corks, 
under the sole of the boot. Corks are always to be preferred 
to bungs or shives. 

Vulcanized India-rubber stoppers are often substituted for 
corks, and are decidedly preferable in a great many cases. 
They may be perforated with the cork-borers described 
above, which should be dipped in spirit of wine. 

228. To bend glass tubes, — Small tubing may be bent 

either in the flame of 
a spirit-lamp, or in 
the upper part of a 
somewhat flaring gas- 
flame (fig. 67). The 
tube should be slowly 
rotated, and moved 
to and fro in the flame 
until soft enough to 
be bent, which should 
be effected by a gen- 
tle equal pressure 
with both hands, 
care being taken so 
Bouding glass tabe. to regulate the soft- 
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BFIBIT BLOWPIFI. 

BKuig of the glow U to 

Obtain » nice curre (fig. '""'' 

Si) iutatd of a sharp 

uigls(fig. 69). Any Boot 

*htcli hu been deposi- 
ted fion the fiame may 
^ wiped off with paper ^^^m^^^^^ 
*iKa the tube !■ cooL V^I^^^^HMH 
Liu-ge tubing ia more ,^^^^^^— 
iifficult to bend, and it ^^^^^^^M 
8 often neceasuy to '"■ ••■ 

'inploj a blowpipe flame. The bend mtiat be annealed by 
rithdrawing it very gradually from the hent. 

The gas blowpipe repreiented in fig. 70 is very conTenient 
or each pnrpoaea, especially if ooDoected with a double-action 
>ellowg worked by the foot. 





Where gas is not to be had, a ^rit blowpipe-lamp is, aome- 
mes uaad. That represented in fig. 71 answers the pnrpose 
ery well. A small quantity of spirit (either methylated 
jurit of wine or wood-naphtha) burnt inside the vessel a 
tporizes the spirit in the space b between the walls ; the 
spoor issuing frtxn the jet c, bums with a powerful flame, 
lieae lamps are not free from danger in consequence of a 
article of cork getting into the spirit and obstructing the 
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jet, when the operator should at once place the cover on the 
lump and thus extinguish the flame. 

230« If the liquid has no powerful or characteristic odouT 
it may be — 

Glycerine I Lactic acid 

Oleine | Oleic acid. 

231. Olycerine, C^HgO,, is a syrupy liquid which has an 
intensely sweet taste and mixes readily with water. 

F,o. 72, Heated sharply on a knife-blade or a 

piece of platinum foil, it bums with a 
luminous flame. No residue is left. 

When heated with strong sulphuric 
acid, it blackens and evolves very 
pungent vapours of acroleine, which 
strongly affect the eyes. 

The same substance is produced by 

heating a little bisulphate of potash 

moistened with glycerine. 

Placed in an evaporating dish heated upon a water-bath 

(fig. 72), glycerine suffers no perceptible diminution or 

change, whilst ordinary syrup, which it much resembles, 

gradually deposits crystals of sugar at the edge of the liquid. 

232. Lactic acid, HCjH^O,, is a syrupy liquid which has 
a strong acid taste and readily mixes with water. 

It is not changed by heating on the water-bath (fig. 72)- 
If it be diluted with water, and boiled with metallic zinc, the 
solution, on cooling, deposits crystalline crusts of lactate of 
zinc. 

When lactic acid is heated in a retort, several products are 
distilled over, and among them a crystalline solid known as 
lactide, Cfifi^y which is soluble in hot strong alcohol, and is 
deposited in transparent flat prismatic crystals on cooling. 

233. Oleine J C.yH^,,0„ and oleic acid, HC„H3,0„ are 
colourless or yellow oils which do not mix with water, but 
float upon its surface. 




EXAMPLES FOR PRACTICE. 
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liol dissolves oleic acid more readily than oleine. 
r dissolves them both very readily, 
ion of potash dissolves oleic acid more easily than it 
s oleine. 

le when strongly heated evolves the odour of acro- 
hich is not produced when oleic acid is heated, 
test-tube containing oleic acid is placed in melting ice 
c acid solidifies to a mass of needle-like crystals, but 
remains liquid. When oleic acid has been kept for 
ime in contact with air it acquires a brown colour and 
reaction. It does not then solidify at the melting- 
f ice. 



1. Examples for Practice in Exercise 2L — Since it 
by a careful study of individual organic substances 

e analyst can learn to identify them with certainty, 

ient is recommended to examine as many of the sub- 
mentioned in this Exercise as he is able to procure. 

)f them is subjoined. 



n (white of egg) 



ie 



acid 
gar 
1 
3 acid 

(curd of milk) 
hydrate 
)nn 
srine 
e 

e 



Glycerine 

Grape-sugar 

Gum arabic 

Indigo 

Lactic acid 

Methylated alcohol 

Milk-sugar 

Naphthaline 

Nicotine 

Nitrate of urea 

Nitrobenzole 

Oil of bitter almonds 

Oleic acid 

Oleine 

Oxalate of urea 

Palmitic acid 



Palmitine 

Paraffine 

Picric or carbazotic 

acid 
Pyrogallic acid 
Eosin 
Salicine 
Soap 

Spermaceti 
Starch 
Stearic acid 
Stearine 
Urea 

Valerianic acid 
Wax 
Wood-naphtha. 



M 2 
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EXERCISE 



235. Examination of a Solid Organic Substakg 
which nothing 18 known but that itis a singls su 
AND NOT A Mixture. 

The analyst is recommended to mark off each si 
firom the subjoined list as it is excluded bj his expe: 
and in this waj to reduce the number of possible sal 
within very narrow limits : — 



Acetatee 

Albumen 

Aniline salts 

Benzoates 

Benzoic acid 

Brncine 

Caffeine 

Cane-sugar 

Caramel 

Carbolic acid 

Caseine 

Cholesterine 

Cinchonine 

I, sulphate 

Citrates 

Citric acid 

Cyanides 

Dextrine 

Ferridcjanides 

Ferrocyanides 

Gallic acid 

Gelatine 

Grape-sngar 

Gum 

Hippuric acid 

Inaigo 

Malic acid 

Meconic acid 

MiU^-sugar 

Morphine 

acetate 

hydrochlorate 

meconate 

Naphthaline 



ft 
it 



» 



Narcotine 
Nitroprussides 
Oxalates 
Oxalic acid 
Palmitic acid 
Palmitine 
Para£Bne 
Picric acid 
Prussian blue 
Pjro^allic acid 
Quinme 

„ and iron, citn 
,, sulphate 
Bosin 
Salicine 
Soap 

Spermaceti 
Starch 
Stearic acid 
Stearine 
Strychnine 
Succinic acid 
Sugar 

Sulphocyanides 
Tannic acid 
Tartaric acid 
Tartrates 
Urates 
Urea 

„ nitrate 

„ oxalate 
Uric acid 
Wax. 
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A. Heat the sabstance graduaUj in a small glass tube (1 7). 
(a) Itjvses eoiilyj becoming perfectly liquid. 

Excludes 

Albamen I Dextrine I Urates 

Caseine | Starch | Uric acid. 

{h) It passes off in vapour 

(with or without previous Jusion) 

and leaves no black (carbonaceous) residue. 



Excludes 



Albumen 

Caramel 

Caaeine 

Cinchonine and its salts 

Citric acid and citrates 

Dextrine 

CktlHc acid 

Gelatine 



Morphine and its salts 
Qninine and its salts 
*Salicine 
Staich 

Strychnine and its salts 
Sugar 

Tannic acid 
Tartaric acid and tartrates 



Gum I Uric acid and urates. 

(c) It passes off in vapour^ leaving no residue whatever. 

Excludes 

all the substances in the above list, and, in addition, 
all metals except mercury, arsenic, and ammonium. 

(d) It emits vapours which have the odour of Ammomay 

and change red litmus paper to blue. 

Pbobable Presence of 



Ammonia, combined with an 


Gelatine 


orgai^ acid 


Albumen 


Urea 


Caseine 


Uric acid 


Morphine 


A fenocyanide 
A cyanide 


Quinine 


Cinchonine 


A sulphocpranide 


Strychnine 


A ferridcjanide 


Aniline 



The analyst should mark off such of these as have been 
excluded by, the previous experiments. 



166 



OHOANIC SUBSTANCES SXAMINKD. 



If the eYolotion of ammonia is abnndant and n 
tended by any carbonization, either urea or o; 
its salts is probably present (182, 192). 

B. Heat the substance on a piece of porcelain, and coni 

the heat until no farther change is perceptible, dire 
the outer blowpipe flame upon it if necessary, to 
off* the carbon. 

(a) No residue is left. 

Excludes 
all metals except mercury, arsenic, and ammoi 

(h) A residue is /^, which is strongly alkaline to i 
tened red litmus paper. 

Pbobable Presence of 

an Organic Acid, in combination with Potash, 
Baryta, Strontia, or Lime. 

(See Table K.) 

C. Shake a little of the substance with cold water,* 
test-tube. 

(a) It dissolves easily. 

Excludes 



Albnmen 

Benzoic acid (free) 

Brucine 

Caffeine 

Caseine 

Cholesterine 

Cinchonine (free) 

Dextrine (?) 

Gallic acid (free) 

Gelatine 

Gum 

Hippttric acid (free) 

Morphine (free) 

Narcotine 

Palmitic acid (free) 



Palmitine 
Paraffine 
Quinine (free) 
Rosin 
Salicine 
Spermaceti 
Starch 

Stearic acid (free) 
Stearine 

Strychnine (free) 
Urates 

Urea nitrate (?) 
„ oxalate (?) 
Uric acid. 



* See foot-note on page 142. 
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(b) It does not dissolve. 
Boil it with the water ; should it dissolve, this 



Albnmen 

Caseine 

Palmitic acid (free) 



Excludes 

Palmitine 

Paraffine 

Spermaceti 



Stearic acid (free) 

Stearine 

Wax. 



D. Very cautiously taste a particle of the substance, 
(a) Its taste is acid. 

Examine for an organic acid by Table El, and for an 
inorganic acid by Table G. 
(h) Its taste is hitter ; pass on to F. 

B. IJ the substance does not dissolve readily in water, hut 
dissolves on adding a little potash, and is precipitated by 
the cMition of hydrochloric acid. 

Examine especially for 

Benzoic acid (154) | Hippnric acid (156) 

Uric acid (161). 

F. Dissolve a little of the substance in water, or in a little 
dilute hydrochloric acid, and test with a solution of 
iodine in iodide of potassium. 

If a brown precipitate is obtained, examine for an alkaloid 
by Table O. 

If a yellow precipitate is produced, examine for acetate of 
lead (p. 17). 

\i I blue precipitate is produced, examine for starch (187). 

If the iodine-solution is bleached, examine for a cyanide 
(99). 
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EXERCISE Xn. 

236. EXAHINATION OF A * LlQUID OrOANIG SuBSTANCB 

about which nothing is known, but that it is a single 
Substance and not a Mixture. 

A. Ascertain whether it has any odour or taste characteristb 
of 



Acetic acid (149) 
Acetone (212) 
Alcohol (209) 
Aldehyde (213) 
Aniline (219) 
Benzole (225) 



Bitter almond oH (223) 
Botyric acid (215) 
Carbolic acid (217) 
Chloroform (222) 
Ether (221) 
Formic acid (150) 



Glycerine (231) 
Nicotine (214) 
Nitrobenzole (224) 
Sugar (179-181) 
Valerianic acid (213) 
Wood-naphtha (21i). 



B. Evaporate a little of the liquid in a porcelain dish, cure- 

fully observing any odour which may be developed, and 
stopping the evaporation as soon as the liquid has dis- 
appeared.* 
(a) If no residue is left 

The liquid probably contains one of the afore- 
mentioned substances recognisable by their (door, 
or possibly glycerine (231), or lactic acid (232). 
(h) If an oily inflammable residue is left 

Examine especially for — 

Oleine (233) | Oleic acid (233). 

(c) If a solid residue is left 

Evaporate a large quantity of the liquid and gamine 
the residue according to (235). 

C. Whilst the evaporation is proceeding, the analys should 

examine another portion of the liquid by Tables L, 0, Q. 



* Should time permit, it is well to evaporate over a steambath. 
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EXERCISE Xm. 

237« Examination of a Solid Substj^nce of which 
i^olhing is known, but that it is a single substance, and 
for A Mixture. 

^* Heat a little of the substance on a piece of porcelain, and 
observe whether there is anj carbonization or peculiar 
odour to indicate the presence of organic matter.* 
* Heat another portion of the substance with strong sul- 
phuric acid, and observe whether any carbonization 
indicative of organic matter takes place, 
(a) If organic matter is detected, the substance must 

be examined, according to (235). 
{b) If no organic matter is detected, the substance may 
be examined, according to Tables A to I, or by 
the blowpipe, according to Tables R to Z. 



EXERCISE XIV. 



238. Examination of a Liquid of which nothing is 

fc^OWN BUT that it IS A SOLUTION OF A SiNGLE SUBSTANCE, 

^i> NOT OF A Mixture. 

w Observe its smell, taste, and action upon test-papers (18). 
>. Evaporate a little on a slip of glass (p. 8). 

(a) If no residtie is left, and the liquid is destitute of 
colour, smell, taste, and action on test-papers, it 
is water only. 
(6) If a residue is left, or if the conclusion is doubtful^ 
evaporate a larger quantity of the liquid in a 
porcelain dish (84), and if there is any residue, 



* Sulphur and phosphorus would of course be recognised in this ex- 
)riment. 
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examine it as directed for an unknown solid sub- 
stance (237). Carefully observe whether aay 
odour is evolved during the evaporation. 

Whilst the evaporation is proceeding, the analyst maj/ 
examine another portion of the solution by Tables A and K^ — 

(c) Ifno residue is left on evaporation, and the liquid 
acid to test-paperSj examine for 



Sulphoric acid (102) 
Hydrochloric acid (i05) 
Nitric acid (109) 
Acetic acid (149) 
8u1phurouB acid (100) 
Chloric acid (90) 
Formic acid (150) 
Lactic acid (232) 



Butyric acid (215) 
Hjoriodic acid (93) 
Hydrofluoric acid (89) 
Hjdrofluosilicic acid (64) 
Garhonic acid (95) 
Hydrocyanic acid (99) 
Hydrosulphuric acid (97) 
Valerianic acid (218) 



Oleic acid (233). 

(d)Ifno residue is left on evaporation, and the liquid 
alkaline to test-papers, examine for 

Ammonia (75) | Aniline (219) | Kicotine (214). 

{e) Ifno residue is left on evaporation, and the UquioE^ is 
neither acid nor alkaline, examine especially ior 



ts 



Alcohol (209) 

Methylic alcohol (211) 

Acetone (212) 

Aldehyde (213) 

Phenole (carbolic acid) (217) 



EthAr (221) 
Chloroform (222) 
Bitter almond oil (223) 
Nitrobenzole (224) 
Benzole (225) 



Glycerine (231). 

When no clue can he obtained, the analyst must carefuHygo 
through every step of the a/nalytical processes, comtnertcing at 



Table A. 



\ 
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I. The Substance is Solid. 

A. Heat the substance in a small tvhe. 

(a) It evolves ammonia freely ^ without blackening. 

Examine especially for- — 
Urea (182) | Oxalate of urea (192) | Oxalate of ammonia. 

(6) It evolves a pungent odour resembling sulphurous 
acid. 

Examine for Nitrate of Urea (192). 

(c) It evolves an agreeable odour. 

Examine especially for — 
Benzoic acid (154) | Hippuric acid (156) | Acetate of lead (U9)- 

(d) It evolves an odour resembling thai of eoal tar. 

Examine especially for — 

Cinclionine (170) I Sulphate of cinchonine (170) 

Qainine (168) | Sulphate of quinine (168). . 

(js) It blackens and evolves an odour of burnt wood or 
sugar. 

Examine especially for — 



Tartaric acid (158) 
Bitartrate of potash (158) 
Citric acid (159) 
Starch (187) 
Cane-sugar (179) 



Grape-sugar (180) 
Malic acid (160) 
Meconic acid (151) 
Gallic acid (153) 
Tannic acid (152). 



(/) It blackens and evolves a disagreeable odour of 
singed animal matter. 

Examine, especially for — 



Uric acid (161) 

Urate of soda (161) 

Urate of ammonia (161) 

Morphine (] 65) 

Hjdrochlorate of morphine (165) 



Acetate of morphine (16!5) 
Meconate of morphine (l65) 
Strychnine (167) 
Ferrocjanide of potassitim (113) 
Ferridcyanide of potassium (p. 72). 



(g) It evolves vapours which provoke violent coughing' 
Examine especially for Succinic Acid (155). 
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(A) It evolves cyanogen (known hj its odour, and pink 

flame). 
Examine especially for Cyanide of Mercury (99). 

(t) It passes off in vapour^ without any of the above 
indications. 

Examine especially for — 

Oxalic acid (115) | Oxalate of ammonia (115). 

B. ffeat the substance on a piece of broken porcelain, ai first 
with the ordinary flame, and afterwards with the outer 
blowpipe flame, 
(a) A residue is left. 

Moisten it with water, and test with red litmus 

paper. 
If it be decidedly alkaline j 

Examine for — 



anide of potassiam (p. 72) Oxalate of potash (115) 

rrocyanide of potassmm (113) „ un 

rridcyanide ofpotassinm (p. 72) 
iphocyanide otpotassium (p. 89) 



tartrate of potash (158) 



,, ^me (115) 

Acetate of potash (149) 
,, soda (149) 

^ Urate of soda (161) 



Tartar emetic (p. 37). 

If the residue is yellow <yr red, 
Examine especially for Acetate of Lead (149). 
(b) No residue is left. Pass on to C. 

C. Heat the substance with water, 
(a) It does not dissolve in water. 

Add Potash. 
If it dissolves in Potash, 

Examine especially for* — 



Benzoic acid (154) 
Hippuric acid (156) 
Unc acid (161) 
Gallic acid (153) 



Bitartrate of potash (158) 
Urate of soda (161) 
Urate of ammonia (161). 



* It is not safe to infer the absence of these when the suhstance di»- 
Ives in water. 
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If it does not dissolve in potash. 

Add Hydrochloric Acid,* 
It dissolves. 

Examine especially for — 



Morphine (165) 
Qniuine (168) 
Cinchoiiine (170) 
Strychnine (167) 



Sulphate of quinine (168) 

„ cinchonme (170) 

Oxalate of lime (58). 



(6) It dissolves in water. ' 

Test the solution with blue and red litmus paper, 
and, cautiously, by tasting. 
I. The solution is decidedly acid, but not astringent. 

Examine especially for — 



Tartaric acid (168) 
Oxalic acid (115) 
Citric acid (169) 
Succinic acid (165) 



Malic acid (160) 
Meconic acid (151) 
Hippuric acid (156) 
Bitartrate of potash (158). 



II. The solviion is acid and astringent. 
Examine especially for Gallic (153) and Tannic Acids (152)> 

III. The solution is alkaline. 

Examine especially for Cyanide of Potassium (99). 

IV. The solution has a sweet taste. 

Examine especially for — 
Cane-sugar (179) | Grape-sugar (180) | Acetate of lead (149). 

V. The solution is hitter ; pass on to D. 
VI. The solution has a yellow or green colour. 

Examine especially for — 
Ferrocyanide and Ferridcyanide of potassium (p. 68). 



* A hlue suhstance, hecoroing hrown with potash, and again hlae with 
hydrochloric acid, is probably^ Prussian blue. To confirm, boil with 
potash, filter, and test tne solution with excess of acetic acid and per* 
chloride of iron. Abundant blue precipitate indicates Prussian blue. 
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VII. The solution is not decidedly acid or alkaline^ and 
has no characteristic taste or colour. 

Examine especially for — 



Oxalate of ammonia (115) 
„ potash (115) 

Acetate of potash (149) 
„ soda (149) 



Cyanide of mercnry (31) 
Saiphocyanide of potassium 

(p. 89) 
Urea (182). 



Dissolve a little of the substance in water, or in a little 
dilute hydrochloric acid, and test with a solution of iodine 
in iodide of potassium. 

If a brown precipitate is obtained, 
Examine for an alkaloid by Table O. 

If a yellow precipitate is produced, examine for acetate of 
id (p. 17). 

If a blue precipitate is produced, examine for starch (187). 
If the iodine solution is bleached, examine for a cyanide 

9). 

Should no clue have been hitherto obtained, examine the sub- 

mce for an organic acid by Table K, and for an organic 

caloid by Table O ; and, as a last resource, for a metal by 

ible A, and for an inorganic acid by Table G, in the hope 

\t some light may thus be thrown upon the nature of the 

bstance. 

n. The Substance is a Liquid. 

Ascertain whether it has the odour of 

A.cetic «cid (149) | Hydrocyanic acid (99) | Alcohol (209). 

Evaporate a little in a porcelain dish, taking care not to 
continue the heat after the dish is dry, and observing 
any odour during evaporation, 
(a) If no residue is left, examine for — 



Acetic acid (149) 
Hydrocyanic acid (99) 



Alcohol (209) 
Glycerine (231). 



{b) If a residue is left, examine the action of heat upon 
it, drawing inferences according to pp. 172, 173. 
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C. Test a gnudl portion of the soltUion with a eoltUion of iodine 
in iodide of potatsiam. 

If a brown precipitate is obtained, examine another part of 
the solution for — 

Morphine (165) j Meconate of morphine (165) 

Hyd&ochlorate of morphine Quinine (168) 



(166) 
Acetate of morphine (165) 



Cinchonine (170) 
Strychnine (167). 



Yellow precipitate, examine for acetate of lead (p. 17). 
Bltu precipitate, examine for starch (187). 
If the iodine solution is bleached, examine for a cyanide 
(99). 

D. Test the liquid with blue and red litmus papers, 
(a) The liquid is acid. 

Add, to a small portion, potash, till it is very 
slightly alkaline, and stir with a glass rod. 

If a precipitate is produced, add acetic acid in 
excess ; should this fail to redissolve it, exa- 
mine for Oxalate of Lime (58). 

If acetic acid dissolves the precipitate, examine 
for — 

Acetate of lead (149) Qninine (1 68) 

Morphine (165) Cinchonine (170) 

Strychnine (167). 

{h) The liquid is alkaline. 

Add, to a small portion, acelic acid, till it is 

slightly acid, and stir with a glass rod. 
If a precipitate is obtained, examine for — 

Benzoic acid (154) Uric acid (161) 

Hippnric acid (156) Tartaric acid (158) 

And for the potash, soda, or ammonia holding them in solution (72). 

If no precipitate is obtained, add to another 
portion hydrochloric acid (cone.) in sligbt 
excess, and stir with a glass rod. 
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Benzoic and hippuric acids would now be precipitated, 
lough they might have escaped precipitation by acetic acid. 

IfTw clue has yet been obtained^ examine the substance for 
n organic acid by Table K, and for an organic alkaloid by 
Lable ; and, as a last resource, for a metal by Ta1)le A, 
•nd for an inorganic acid by Table G, in the hope that some 
ight may thus be thrown upon the nature of the substance. 
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KEDVCTION ON CHABCOAL. 



EXPLANATIONS AND INSTRUCTIONS ON 
TABLE R. 

B41 . To reduce metals on charcoal before (Se blowpipe. — 
ect a piece of hard thoroughly carbonized charcoal, free 
oi crevices, not lees than four inches long and one or two 
h^ in diameter ; grind down one of its sides to a flat 
face (fig. 73) on the hearthstone. Scoop a rerj shaUow 




i\ty at a with the blade of a knife, making it smooth and 

ind. Place in this a grain or two of the subrtance to be 

imined, previously reduced f a 7*. 

powder (124), and cover it 

th dry powdered carbonate 

soda. Hold the charcoal 

1 the blowpipe in the posi- 

ns represented in fig. 74. 

rect the point of die inner 

idacing) flame upon the spe- 

aen in the cavity, blowing 

ally at first lest the powder 

3tild be scattered, and allow the onter (oxidizing flame) to 

ly over the flat surface of the charcoal. 

Observe very closely the appearances presented by the 
us under the influence of heat, especially noticing whether 
y miaute metallic globules are to ba seen in the fused 
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substance. If this be the case, try to fuse them together 
into larger globules. 

Should an infusible mass be left after the first application 
of the blowpipe flame, add more carbonate of soda, and again 
heat intensely, since the binoxide of tin often requires 
repeated additions of carbonate of soda to bring it into 
fusion and reduce it to the metallic state. 

Watch the appearance of the mass after withdrawing it 
from the flame, noting any changes of colour which may 
occur in cooling. 

The surface of the charcoal is generally covered, for some 
distance beyond the cavity, with a deposit or incrustation 
which sometimes consists of a thin white film of ash leh after 
the charcoal has burnt away, and sometimes of a more 
opaque coating of some metallic oxide formed by the com- 
bustion of metallic vapour in passing through the outer flame. 

Observe very carefully the colour and general appearance 
of this incrustation, comparing the results with Table S. 

If any globule of metal is visible, detach it carefully from 
the fused mass with the point of a knife, place it upon a hard 
surface, such as a porcelain slab or the bottom of an inverted 
mortar, and press it with a knife-blade, to ascertain whether 
it is malleable or brittle. Compare the results with Table S. 

When no metallic globule is visible, or when the metallic 
globule has been removed, scrape the mass, together with the 

particles of charcoal in contact with 
^'*- ^** it, into a small agate mortar (fig. 75), 

moisten it with one or two drops of 

water, and grind it into a paste. Stir 

this paste up with more water, then 

Agate mortar. fill the mortar with water, allow it to 

rest for a few seconds, in order that 
any metallic particles may subside, and carefully pour off the 
water, carrying with it the lighter particles of charcoal and 
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(fig. 76). Repeat this grinding and levtgation until 
Jlic particles are distinctly visible at the bottom of the 
;ar, or until the whole has been washed away without 
ring any metaL 

Fie. 76. 




\ 
Levi^tion in blowpipe analjHis. 

le metals which are generally detected in this way, 

>pperj which gives characteristic red spangles. 
n, in white silvery spangles of considerable size. 
771, in grey metallic powder, attracted by the magnet. 
42. Fused carbonate of soda is absorbed into the pores 
le charcoal, but very frequently a slag is formed which 
es to sink into the charcoal, and remains on the surface.* 
is the case with silicate and borate of soda, formed when 
c and boracic acids are present. Sulphide of sodium 
generally remains on the surface of the charcoal as a 
n mass, the formation of which renders it highly probable 
the substance under examination is a sulphide, 

though most metallic oxides would be reduced to the 
llic state by the combined action of the blowpipe flame 
bhe charcoal support, it is necessary to add carbonate of 
for the following reasons : — 
) The carbonate of soda removes any acid (silicic acid, 

^anide of potassium will occasiooallj assist in getting rid of such 
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for example) or non-metallic element (such as sulphur) which 
would hinder the separation of the metal. 

(2) By thus forming a slag through which the metal may 
sink, the re-oxidation, and in some cases the volatilizatioB, of 
the metal, are in great measure prevented. 

(3) Carbonate of soda, strongly heated with charcoal, yields 
vapour of sodium, which acts as a powerful reducing agent 
upon metallic compounds. 

242a. When the substance is heated by itself on char- 
coal it may furnish any of the results indicated in Table S, 
and, in addition, other information may often be ob- 
tained more easily than when carbonate of soda has been 
added. 

(1) The substance passes away entirely in the form of 
vapour. Probably mercury, arsenic, or ammonium is present. 
See Table R, col. 5. 

(2) An infusible mass remains upon the charcoal. Probably 
aluminium, zinc, or magnesium is present. See Table B, 
col. 4. 

(3) A sparkling combustion of the charcoal takes place. 
Probably a nitrate or a chlorate is present. See Table W. 

(4) A smell of burning sulphur is perceived. Probably 
sulphur or a sulphide or sulphate is present. See Tables X 
and Z. 

243. To detect metals by the colours which they impart to 
a bead of borax-glass, — Take a piece of platinum wire of 

such a thickness 

* ' that three inches 

^ ""^^^^^^^^^^^^^2 weigh one grain, 

Platinum for borax-bead*. *°^ Seal it into 

a glass handle as 
described at p. 66. Bend the end of it round into a small 
loop {^g, 77), which must not be larger than the transverse 
section of the blowpipe-flame. 
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■ Uftke this loop red hot, 
and dip it iato povdered 
faonz, of which a consider- 
able qtuntitj will stick to 
the wire. Fuse this in the 
blowpipe-flame (fig, 78) to 
a bead which should be per- 
fectly colourless and trans- 
parent even afler cooling. 

Pl&ce one or two small 
particles of the substaa'ce under examination upon a piece of 
paper close at hand, heat the borax-bead, and touch one of 
the particlea with it so that it may atick to the bead. 

Fuse the bead at the extreme point of liie outer (oxidiz- 
ing) flame of the blowpipe, until the substance appears to 
have been dissolved by the borax, and observe the colour of 
the bead while hot and after cooling. Should the bead be 
opaque, too large a quantity of the substance has been added, 
and the experiment must be repeated. 

If the bead remains colourless, another particle of the sub- 
atance must be fused with it, and so on, until a reasonable 
proportion has been added without producing any result 

The bead is afterwards exposed to the point of the inner 
(reducing) flame of the blowpipe, and the colour of the glass 
carefully observetl. 

The results are compared with Table T. 

To cZeon tht wire for a new test, dip the red-hot bead into 
water, when it will become brittle and maybe easily detached 
from the loop, which is then opened and the wire scraped 
clean with the tiiumb-nail. 

244> To delect metals by the colour which they impart lo 
ike bloKpipe-Jlame. — Take a straight piece of platinum wire, as 
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recommended at p. 66, dip it in hydrochloric acid,* and expose 
it repeatedly to the point of the inner (redacing) blowpipe— 
flame till it no longer imparts a distinct colour to the outer 
flome. Again moisten it with hydrochloric acid, take upon 
it a minute quantity of the Butwbmce under esaminstioii, 
and again expose it to the point of the inner flame (fig. 73]- 




Compare the results with Table TJ. 

Some metala (bariuTn, for example) so rase into the 
platinum that it is scarcely possible to get rid of them in oidei 
to prepare the wire for a fresh test. When this is found U 
be the case, the extremity of the wire must be cut off, 

245. To detect mettiU by the cobali-leat before the iltm- 
pipe. — The solution of nitrate of cobalt should contain abont 
one part of the salt dissolved in ten parts of water, and i> 
conveniently kept in a bottle provided with s perforated cork 
carrying a piece of glass tube long enough to reach to the 
bottom of the bottle and to project an inch or two above the 
cork (fig. 80). This tube should be partially closed at eitcli 
end by directing the blowpipe-fiame upon it. When the upper 
orifice of this tube is closed with the finger (fig. 81), and the 
tube withdrawn from the bottle, the cobalt solution is retained 
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IQ it by atmospheric pressure, and may be suffered to fall, drop 

by dcop, upon the mass under ezaminatian. One or two 

drops will generally suffice. An intense heat should then be 

applied for several seconds, the result being compared with 

column i of Table R, page 178. 
246. To detect mercury, arse- Fio. sa. 

ntc, and ammonia by the btotopipe. 

— Dry the carbonate of Boda by 

heating it moderately on a piece 

of glass or tin-plate, or on the 

blade of a spatula. Allow it 

to cool, and mix it with the 

powdered substance under 

examination, upon a piece of ' 

paper, using at least six times 

as much, carbonate of soda as 

of the substance. Scrape 

enotigh powder off a piece of 

charcoal to impart a daik 

grey colour to the mixture. Introduce the mixture into a 

small dry German glass tube (p. 21), cleanse the upper part 

of the tube from adhering particles of substance with a mateh 

stick or a roll of paper, aad rap the tube against the table 

Ho as to shake tlie powder into the position shown ia fig. 83, 
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leaving a clear passage for the vapour. Hold the tube in 
a narrow band of folded paper,* and heat it in the non- 
luminous part of the flame (fig. 83) so as not to smoke it. 
If none of the results mentioned in column 5 of Table B 
([lage 178) are observed, direct the blowpipe-flame upon the 
bottom of the tube until the glass begins to fuse. 

Beginners frequently fail in this test, in consequence of 
their allowing condensed water to trickle back upon the hot 
mixture, causing it to spirt up and soil the sides of the tube. 

NOTES TO TABLE R. 

247. Great care is necessary to avoid error in applying 
the blowpipe test for aluminium. 

The solution of nitrate of cobalt itself leaves a blue mass 
of the anhydrous nitrate when evaporated to dryness by the 
heat of the Hame ; but when this blue mass is strongly heated, 
it is converted into the black oxide of cobalt, whereas the 
blue mass furnished by the combination of alumina with 
oxide of cobalt (aluminate of cobalt) becomes of a brighter 
blue colour when more intensely heated. 

The alkaline phosphates and borates also give a blue mass 
with nitrate of cobalt, but this mass assumes the condition of 
a fused glass, whilst the alumina blue is perfectly infusible. 

To ascertain what compound of aluminium is under exami- 
nation, the analyst should refer to p. 47. 

248. The presence of zinc should be confirmed by ob- 
serving that the infusible mass, before the addition of nitrate 
of cobalt, is yellow while hot, and becomes white on cooling. 

To ascertain what compound of zinc is under examination, 
the analyst should refer to p. 49. 



* If any moisture is seen to condense on the sides of the tube, hold 
the latter with its mouth somewhat inclined downwards, lest the dropfi 
i|hould run hack and crack the glass. 
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249« The pink colour of the compound formed by mag- 
nesia with oxide of cobalt is very pale, and might be over- 
looked in a cursory inspection, especially if the observer be 
dazzled by the incandescence of the ignited mass. 

To ascertain what compound of magnesium is under 
examination, the analyst should refer to p. 11. 

250. The globules of mercury composing this sublimate 
are sometimes so minute that it has the appearance of a grey 
coating upon the tube ; on rubbing it with a lucifer -match 
stick, the particles unite into distinct globules. 

To ascertain what compound of mercury is under exami- 
nation, the analyst should refer to pp. 15 and 2S, 

251- If arsenic be present, a garlic odour will generally 
be perceptible at the mouth of the tube, and should have been 
already noticed in column 1. 

A black shining ring is sometimes formed upon the sides 
of the tube, in cases where no arsenic is present, in conse- 
quence of the deposition of % coating of lustrous carbon from 
the action of heat upon tarry matters, distilled, either from 
imperfectly prepared charcoal, or from organic matter in the 
substance analysed. 

Sulphide of mercury may also furnish a black ring if the 
quantity of carbonate of soda employed in the experiment is 
insufficient to remove the whole of the sulphur. 

To ascertain that the ring does really consist of arsenic, 
make a deep file-mark on each side of it, and break off the 
glass with a jerk. Wrap the piece of glass containing the 
ring in a piece of stout paper, and break it, with a few blows, 
into fragments, but not into powder. Select those fragments 
which appear to be well-coated, place them in a small tube 
sealed at one end, and heat them gently above the point of 
an ordinary flame as shown in fig. 84. The arsenic will be 
slowly converted into vapour, combining with the oxygen of 
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the air in the tube to form arsenious acid, which will be de- 
posited in small brilliant crystals upon the cooler part of the 
tube. Under the microscope, the octahedral shape of these 
crystals will be distinctly seen (fig. 85). 

Fio.85. 
Fio. 84. 





If there be more arsenic than can be oxidized by the air 
in the tube, a dark ring of arsenic will accompany the crystals, 
and may be oxidized by a second sublimation. 

The smallest fragment of arsenious acid may be identified 
with perfect certainty in the following manner : — 

Draw out a piece of narrow German tube to a long point 
(17), and seal it in the blowpipe-flame. Drop into this point 

the fragment supposed to be 
Fig. 86. arsenious acid. Place three 

or four little pieces of char- 
coal in the wider part of 
the tube (fig. 86), and 
heat them to redness in the 
blowpipe-flame. Then heat 
quickly the point of the 
tube so as to drive the 
vapour of arsenious acid over the red-hot charcoal, which will 
remove the oxygen of the arsenious acid, and a shining black 
ring of arsenic will be deposited upon the cooler part of the 

tube. 

To ascertain what compound of arsenic is under examina- 
tion, the analyst should refer to (35). 
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2. An odour of ammonia might also arise in this ex- 
ant, from the decomposition by heat of organic matters 
aing nitrogen; but such substances would be car- 
d or blackened when heated in a small tube by them- 
and would evolve vapours having the offensive smell 
;ed hair, and restoring the blue colour to red litmus 

ascertain what compound of ammonium is under exa- 
on, the analyst should refer to (75). 



Table 8. 

253. Metals reduced on Charcoal. 



(my , 
x ... 
th... 



Metallic Olohdes. Incrtiatations. 



Verj brittle 

None 

Brittle 



Red, malleable . . 
Soft, malleable ... 

Malleable 

Malleable 



None 



White { 

White 

Yellow I 

Little or none | 

Yellow I 

Little or none | 

Little or none J 

Yellow, hot ; 
white when 
cold 



Hemarka. 



Metal volatilizes (254, 
265). 

Gariic fnmes (256). 

Metal very fusible 
(257). 

Difficult to fuse (258, 
259, 260). 

Metal marks paper 
(261, 262, 263). 

Not oxidizable (264, 
265). 

Easily oxidizable, 
very fusible (266). 

Infusible mass emit- 
ting a greenish-white 
light (267). 



NOTES TO TABLE 8. 

4. Antimony is generally reduced by the blowpipe in 
3 globules, which are not easily united into a large 
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globule. It is easier to obtain a large globule of antimonj if 
cyanide or ferrocjanide of potassium is employed instead of 
carbonate of soda. 

Antimony generally gives off a white smoke, and covers the 
charcoal with an incrustation even beyond the limits of the 
oxidizing flame. The incrustation generally appears bluish 
white, the black charcoal being seen through it. 

The globule of antimony is extremely brittle, falling to a 
metallic powder when struck or pressed. The metallic ap- 
pearance of the powder must be observed, or else brittle 
globules of slag may be mistaken for antimony. 

255. The compounds of antimony most likely to be met 
with in blowpipe analysis, are — 

Sulphide of antimony, Tartar emetic, Oxide of antimony. 

These substances have been described at (39). 

To that description it may here be added, that — 

Sulphide of AntimonT/ gives a brown mass when fused with 
carbonate of soda on charcoal (242). 

Tartar emetic crackles {decrepitates) and sparkles {scinttl- 
lates) when heated alone on charcoal, at the same time giving 
the violet flame of potassium. 

256. The presence of arsenic should be confirmed as in 
column 5, Table R. 

When arsenic has been discovered, (86) should be referred 
to, in order to ascertain whether the substance under exami- 
nation is one of those described there. If it is not then iden- 
tified, the blowpipe examination must be continued, with the 
view of discovering another metal, since arsenic is often 
present in considerable quantity in ores of which it does not 
form the most important ingredient. 

257. Bismuth is often mistaken for lead by beginners, 
because a globule of this metal is flattened when struck or 
pressed, as if it were malleable ; but if the flattened bead be 
touched with the point of the knife, it will be found to break 
to pieces, which is never the case with lead. 

Should any doubt exist as to the presence of bismiith, 
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eat a portion of the substance, on charcoal, with a mixture 
f equal parts of sulphur and potassium iodide, when bis- 
luth will give a bright red incrustation on the cooler part 
■ the charcoal. 

The compounds of bismuth which are most frequently met 
ith, are described at (29). 

258. Although compounds of copper are easily reduced 
the metallic state before the blowpipe, a beginner generally 
periences some difficulty in obtaining a globule of mal- 
ible copper. The metal first presents itself as a red>brown 
iss, apparently infusible ; but if this be exposed to the point 
the blue inner £ame, which is the hottest region or focus 
the blowpipe flame, it fuses into a metallic globule of tough 
pper which requires a sharp blow to flatten it. 

This experiment affords an excellent lesson in finding the 
us of the flame. 

2 59. Copper compounds containing sulphur or arsenic 
lid a brittle globule when reduced; to avoid this, such 
npounds must be well roasted before adding carbonate of 
ia, by exposing them, on charcoal, to the point of the outer 
ddizing) flame so long as they exhale any odour of sul- 
orous acid, or any garlic odour indicating arsenic. 

260. The distinctive characters of the principal com- 
ands of copper have been mentioned at (27). 

Beside these, the blowpipe analyst is likely to meet with 

Copper pyrites, compoBed of copper, iron, sulphur. 

Grey copper ore, „ j '^PPfp^^JI^''' antimony, arsenic, and 

Copper Pyrites, Cu,S.Fe,8j, may generally be recognised 
its yellow colour and metallic lustre ; some of its varieties 
eckcoch ore) exhibit beautiful rainbow tints. The presence 
iron may be proved either by extracting the magnetic 
rticles from the slag and sunounding charcoal by leviga- 
►n, as directed in (241), or by fasing a particle of the ore 
th a bead of borax (243), in a very hot reducing (inner) 
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flame, when the ferrous oxide will impart a bottle-green 
colour to the glass, if the temperature be sufficiently high to 
fuse the copper into a minute globule which separates from 
the borax. 

Grey Copper Ore has a steel-grey colour^ and metallic lustre. 

If it be heated alone on charcoal before the blowpipe, the 
sulphur and arsenic may be recognised by their characteristic 
odours, and the antimony by its white incrustation. 

To obtain a bead of malleable copper from grey copper 
ore, it must be well roasted (in powder) in the outer flame 
until DO more smell of sulphur or arsenic is perceptible, then 
reduced in the inner flame, with addition of carbonate of 
soda, and the metallic globule exposed to an.intense and pro- 
longed heat at the point of the inner flame to volatilize the 
antimony. 

Brass (Copper and Zinc) is recognised by its giving the 
incrustation of oxide of zinc, which is yellow when hot, and 
becomes white as it cools. All the zinc may be expelled by 
protracted heating in the point of the inner flame, and mal- 
leable copper will be left. 

Oun-metal (Copper and Tin) yields a globule which has 
externally the colour of copper, but is very much harder. 
By judicious exposure to the outer flame the bulk of the tin 
may be oxidized ; and if a little more carbonate of soda be> 
then added, and the reducing flame applied, a globule of nearly 
pure copper may be obtained. 

261. Lead is very easily recognised in this experiment 
by the facility with which a globule of metal of considerable 
size may be obtained, and by the softness of the globule, 
which admits of being flattened out and cut with a knife. If 
the flattened globule be taken between the finger-nails, or 
upon the point of a knife, and drawn across a piece of paper, 
it leaves a pencil-mark. 

262. The principal compounds of lead may be identified 
by the characters described at (14). 

Galena (sulphide of lead), the principal ore of lead, when' 
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n cbarcoal with carbonate of eods, gives a brown alag 
ing sulphide of sodium, and if an insufficient quantity 
■onate of soda be employed, the globule of lead is often 
utt brittle from the presence of eulphur. Thia maj 
ided bj roasting the powdered galena in the outer 
IS long as it smells of sulphur, before adding the 
ite of soda. Cyanide or ferrocyanide of potssdum 
mish malleable lead with galena, without previous 
8- 

■^metal and ghrapnel bulUu are composed of lead 
wifh one-fourth of antimony, which renders the 
ard and brittle. By exposing it for some time to 
nt of the reducing (ioQer) flame, all the antimony 
! expelled in vapour, and soft malleable lead ob- 

(er and Solder, alloys of Lead and Tin, are recognised 
r yielding a white infiiaible dross of binoside of tin 
seated in the outer blowpipe flame. 
J, Detection of Stiver in Lead by the Blowpipe. Cu- 
•n. — Scoop a bowl-shaped cavity about half an inch io 
jr, in a piece of charcoal. Fill this with finely 
'ed bone-ash, which must be pressed down with the 
10 as to fill the cavity with a compact mass of bone- 
aootji and slightly hollowed on the surface. Place 
bis a small piece of the lead under examination, hold 
ircoal quite horizontally, 
rect the extreme point 

out«r (oxidizing) flame 
he metal (fig. 67). The 
immediately faaea, and 
de which is formed is 
ed, in the liquid state, 

porous mass of bone- 
aving the surface of the 
) covered with a very 
Im of oxide which ex- 
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• 

hibits rainbow tints. When this play of colour on the sur- 
face of the metal ceases, and the globule is no longer dimi- 
nished in size, it consists of pure silver, which is often no 
more than a mere speck, though easily recognised bj its 
brilliant whiteness. 

It is sometimes necessary to remove the lead from dross 
which has collected round it, and to transfer it to a fresh 
cupel ^ or bed of bone-ash. 

When the lead contains copper ^ the surface of the bone- 
ash exhibits, afler cooling, a green stain, whilst pure lead 
imparts a yellow colour. 

The presence of tin obstructs the cupellation, an inftisible 
dross of binoxide of tin being formed upon the surface. 
Silver may also be detected in bismuth by cupellation. 

264. Silver is very easily reduced to the metallic state 
before the blowpipe, but a sharp heat is required to fuse it 
into a globule, which is then easily distinguished from all 
other metals, by its retaining its bright metallic surface when 
fused at the point of the outer (oxidizing) flame, and by its 
characteristic white colour. The sur&ce of the silver globule 
is generally rough and frosted after cooling, in consequence 
of the disengagement of occluded oxygen in the act of solidi- 
fying, but it acquires a strong metaUio lustre when rubbed. 

The compoimds of silver most conunonly met with have 
been described at (12). 

When Chloride qf Silver is fused with carbonate of soda 
on charcoal, the sur&ce of the latter generally becomes coated 
with a white incrustation due to the condensation of some 
vapour of chloride of sodium. 

265 > Detection of Copper in Silver. — Cupel a small piece 
of the silver with a piece of pure lead, as directed at (263)) 
when the copper will be recognised by the green stain pro- 
duced on the sur&ce of the bone-ash. 

Silver containing copper is blackened when heated in the 
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outer blowpipe flame, becoming covered with a film of black 
oxide of copper. 

2GG. It is not easy to obtain a large globule of tin by 
fusion on charcoal with carbonate of soda. An infusible 
mass is commonly formed, which can only be reduced by re- 
peated addition of carbonate of soda and protracted blowing. 
Minute globules of tin are then easily perceived in the liquid 
mass, but these are invisible when the slag has solidified on 
cooling. By levigating the mass (p. 180) large spangles of 
tin may be obtained. 

If there be any reason for suspecting the presence of tin, 
it is advisable to employ coarsely-powdered cyanide of potas- 
sium instead of carbonate of soda, when a very liquid slag is 
obtained, in which a large globule of tin may be formed with- 
out difficulty. The cyanide of potassium, KCN, abstracts 
the oxygen and is converted into cyanate of potash, KCNO. 
Cyanide of potassium covers the charcoal with a white 
incrustation. 

When cyanide of potassium is not at hand, powdered ferro- 
cyanide of potassium (yellow prussiate of potash) may be sub- 
stituted for it, but the globule of tin then obtained will be 
rather harder and less fusible, on account of the presence of 
a little iron. A slight yellow incrustation will also be per- 
ceived on the surface of the charcoal. 

The chief compounds of tin have been described at (28) 
and (37). When metallic tin is heated on charcoal before 
the blowpipe, it yields a decided incrustation which is yellow 
while hot and white on cooling, and might lead this metal tp 
be mistaken for zinc, but further examination prevents the 
error (267). This only happens when the unprotected tin 
is exposed directly to the strong current of the blowpipe 
flame ; when covered with slag, tin is remarkably fixed even 
at a very high temperature, and hence yields little or no in- 
crustation. 

Tin-plate (sheet-iron coated with tin) is at once recognised 

o2 
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before the bknrpipe bj die infasbOhj of the iron, the tin 
readilj fixsing and oxidizing upon its surface. 

267. ZinCy bdng eaailj oonTerted into Taponr at a biiglit 
red heat, does not jield a metallic g^bnle before the blow- 
pipe, but the f»ination of die yellow incrustation trbicli is 
white on cooling enables this metal to be easily detected. 67 
m<nstening the incmstatkMi with weak solution of nitrate of 
cobalt, and heating intensely, the green compoond of oxides 
of cobalt and zinc may be prodnced. 

Compounds of zinc, fnsed with carbonate of soda, yield 
eTentoally an infusible mass which is brilliantly incandescenij 
that is, emits a white light (with a greenish tii^) wben in 
the flame. This mass is yellow while hot and becomes white 
as it cools, and if it be moistened with nitrate of cobalt (245), 
and again intensely heated, it becomes bright green. 

The principal compounds of zinc hare been described at 
(53). Metallic tine boms explosiyely when heated on char- 
coal with the blo¥rpipe, yielding thick white fxunes of oiide 
of zinc. 



TABLE T. 

268. Coloured Beads with Borax. 





In outer Jlame. 


In inner flame. 


chromium . . 


Yellowish green glass . 


£merald green glass (269) 


OobeUt 


Blae glass 


Bhie (270) 


CbppeT .... 


Blue glass 


Brown or cokrarless (371) 


Iron 


Brownish jellow glass . 


Bottle green (272) 


Manganese. . 


Poiple or pink glass . . 


GoloarlesB (273) 


Nickel .... 


Brownish yellow glass . 


Mnddj grey (274) 



NOTES TO TABLE T. 

268. Should the colour of the borax-bead leave atiy doubt 
to the presence of chromium, apply the following test:— 
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jsten the loop of platinum wire in the mouth, dip it into 
earbonate of soda, and fuse this into a bead, repeating 
eration if necessary until the bead fills the loop. (The 
>f carbonate of soda becomes opaque on cooling.) Heat 
lad to redness, and take upon it a little nitrate of potash 
particle of the substance under examination. Fuse it 
'ew moments in the outer blowpipe flame. If chromium 
sent, a bright yellow opaque head will be formed, owing 
our to the chromate of soda. 

uld the bead have a hlue colour (green when hot), it is 
manganate of soda, and indicates the presence of man- 






compounds of chromium commonly met with have been 
3ed at (61). 

I yellowish tinge of the chromium borax-bead in the 

flame is due to the presence of a little chromic acid, 

iirhich becomes reduced to chromic oxide, Cr^O,, in the 

flame. 

O. The colouring power of cobalt is very intense, and 

lers often take so large a quantity of the substance upon 

ad that a black opaque glass is obtained. 

\ presence of a little iron renders the cobalt bead green 

hot. 

reduction on charcoal and levigation (241) many of the 

lunds of cobalt may be made to yield grains of metallic 

which might be mistaken for iron, but they are dis- 

by a mixture of hydrochloric and nitric acids to a blue 

en solution, which becomes pink when diluted, 

\ principal compounds of cobalt have been described at 

^(tlt ores generally contain arsenic, sulphur, bismuth, 
r, iron and nickel, as well as cobalt. 
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271. The bead furnished by copper in the outer flame is 
green while hot, and becomes blue on cooling, but the shade 
of blue is very diflferent from that given by cobalt. To 
render the glass colourless in the inner flame, it is necessary 
that the bead should not be very highly charged with 
copjx^r, and should be exposed just in the hottest part, at the 
extremity of the inner flame, so that the reduced copper may 
fuse into a small bead and attach itself to the wire. If there 
be too much copper, or the bead be not sufliciently heated, 
the bead will assume an opaque brown colour, due to the 
separation of minute particles of copper throughout the 
mass. 

If a small particle of cyanide of potassium be taken upon 
the hot bead of borax which has been charged with a com- 
pound of copper in the outer flame, and the bead be then 
held for a second or two in the smokeless part of the ordi- 
nary flame, it at once becomes opaque brown, and if now 
fused in the outer blowpipe-flame, it becomes opaque blue 
afler cooling. 

The presence of copper should always be confirmed by 
reduction on charcoal with carbonate of soda. ^ 

The chief compounds of copper have been described at 
(27). 

272. The colours assumed by the iron-bead in the outer 
and inner flames will be found to vary much with the quan- 
tity of iron present. 

The brownish-yellow glass obtained in the outer flame 
fades very much on cooling, so that if little iron is present it 
often becomes colourless. 

Since iron is often found in small quantity in substances 
of which it is not the most important ingredient, the analyst 
must use some judgment in arriving at a conclusion with 
respect to the real nature of the substance. 

The principal compounds of iron are described at (45). 
Sulphate of iron, when strongly heated in a small tube 
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closed at one end (17), evolves thick white vapours of sul- 
phuric acid, which strongly redden blue litmus, and are ac 
conipanied by an odour of sulphurous acid. The residue left 
*fter strongly heating will exhibit, when cold, the charac- 
^ristic red colour of colcothar. 

273. Manganese has so great colouring power that even 
* small quantity will often render the glass opaque. In order 
^0 obtain a colourless glass in the inner flame, the bead must 
•e held just at the point of a good inner flame, and the de- 
coloration of this glass affords a good test of the skill of the 
operator in preserving the distinction between the two flames. 
^f the bead be carefully observed whilst in the reducing 
flame, it will be seen to become streaky, and at the moment 
^f the disappearance of these streaks the bleaching will be 
found complete. 

If a minute particle of cyanide of potassium be taken upon 
^he bead of borax which has been charged with manganese in 
^he outer flame and the bead be heated for a second or two in 
^he smokeless part of an ordinary flame, it becomes quite 
-olourless. 

The presence of manganese should be conflrmed by fusing 

i small particle of the substance with carbonate of soda and 

litrate of potash (269) in the outer flame, when an opaque 

»lHe bead (manganate of soda) will be obtained (green when 

lOt), which becomes brown when exposed to the inner 

ame. 

The principal compounds of manganese have been described 

i (55). 

274. The borax beads of iron and nickel are very com- 
iDnly mistaken for each other by beginners, although close 
oservation recognises the peculiar muddy-grey colour pro- 
dced by the inner flame in consequence of the reduction of 
abortion of the nickel. 

If a minute particle of nitrate of potash be taken up with 
tl hot bead, and the latter exposed to the outer flame, it 
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assumes m purple tint due to the formation of borate of nickel 
and potassium. 

The ordinary compounds of nickel have been described 
at (49). 

Most nickel ores contain arsenic, sulphur, copper, iron and 
cobalt, as well as nickel, and since the cobalt has much more 
colouring power than nickel, it is rarely that the latter metal 
can be detected in the ore by the blowpipe. 

Nickel-speiss is a compound of arsenic, sulphur, nickel, and 
often iron and copper, obtained in the preparation of smalt- 
blue from cobalt ores. It is a dark-grey or greenish-grey 
mass having a metallic lustre. The arsenic and sulphur can 
be recognised by the odour evolved when the substance is 
roasted on charcoal at the point of the outer flame. 



Table TJ. 

275. Coloured Flames* 



Barium 

Calcium {lime) 

Copper 

Potassium 

Sodium 

Strontium 


Green flame* (276) 
Red (277) 
Bluish green* (258) 
Violet blue (279)t 
Yellow (280) 
Carmine (281). 



* Boracic acid also tinges the flame green, though of a different sha< 
from that produced by barium or copper. The distinctive characters 
boracic acid are given at (117). Zinc gives a greenish tint to the flan 
and is sometimes mistaken for barium by beginners (267). 

f Arsenic gives a livid blue colour to the flame, which is mista^ 
by beginners for that produced by potassium : a white smoke of arsenitf 
acid issues from the arsenic flame. 
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NOTES TO TABLE U. 

276. A beginner very often fails to obtain the green 
&me of barium, especially when operating upon the sulphate. 
To ensure success, it is well to mix a little of the substance 
to a paste with a drop of concentrated hydrochloric acid, and 
to take a vei'y little of this upon the extremity of the wire, 
which is then held in the point of a sharp bJue inner flame. 
At first the yellow sodium flame is generally seen, but after a 
short time the grass -green barium flame makes its appearance. 

The green flame may be even more easily obtained by 
iusing the sulphate of baryta with a bead composed of fluor 
spar fused with about twice as much sulphate of lime. 

The tint of the barium flame is very different from that 
given by copper, and copper should already have been 
excluded by the tests on charcoal and with the borax-bead. 

The commonest compounds of barium have been described 
at (65). 

277. It is not easy to distinguish between the flames of 
calcium and strontium, unless they are seen side by side. By 
comparing the colour imparted to the flame by nitrate of 
strontia, with that caused by the substance under examination^ 
the danger of error is much diminished. 

278. The compounds of calcium or lime ordinarily met 
with have been described at (69). 

Sulphate of Lime may be recognised by mixing it with an 
equal quantity of powdered fluor spar (fluoride of calcium), 
and heating on a loop of platinum wire, when it fuses easily 
to a clear glass, which becomes opaque on cooling. 

Phosphate of Lime may be identified by moistening it with 
a drop of strong sulphuric acid, and exposing it, on platinum 
wire, to the inner blowpipe flame, when the phosphoric acid 
undergoes reduction, and the phosphorus imparts a peculiar 
livid greenish hue to the outer flame. 

: If phosphate of lime be heated in a small tube (17) with 
metallic magnesium, and the mass, after cooling, be moistened 
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with water, it evolves the peculiar fishy odour of phospho- 
retted hjdrogen. 

Fluoride of Calcium, when heated on a knife, or on a piece 
of platinum foil, generally crackles {decrepitates) and emits a 
peculiar blue light resembling a pale flame of sulphur. When 
mixed with un er^ual quantity of sulphate of lime and heated 
on a loop of platinum wire it fuses easily to a clear glass, 
which becomes opaque on cooling. 

278. The violet-blue flame of potassium is easily ob- 
scured by the yellow sodium-flame. To avoid error from 
this cause, the flame should be examined through a square 
of cobalt- blue glass, through which the yellow rays of the 
sodium-flame are not transmitted. 

The common compounds of potassium have been described 
at (77). 

Nitrate and Chlorate of Potash would cause vivid combus- 
tion (deflagration) when heated on charcoal. 

Bisulphate of Potash gives thick suffocating fumes of 
sulphuric acid when heated before the blowpipe on char- 
coal. 

Bitartrate of Potetsh emits the characteristic smell of burnt 
sugar when heated before the blowpipe. 

Ferrocyanide of Potassium (yellow prussiate of potash) 
evolves an odour of ammonia when heated. 

280. Since almost every substance contains enough 
sodium to impart a yellow tinge to the flame, the analyst 
must hesitate before deciding that sodium is an ossential con- 
stituent of the substance under examination. In order to 
warrant such a conclusion, the substance must impart a very 
strong and persistent yellow colour to the flame. 

It should also be carefully examined for those characters 
which are described at (80) as belonging to the ordinary 
compounds of sodium. 

Chloride of Sodium usually crackles {decrepitates) when 
heated. 



EXAMPLES FOR PRACTICE. 
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Nitrate of Soda causes vivid combustion {deflagration) 
^hen heated on charcoal. 

Hyposulphite of Soda, when heated^ melts easily, bums with 

blue flame evolving the odour of burning sulphur, and 
iaves a brown residue of sulphide of sodium. 

Biborate of Soda would be identified by its yielding a 
orax-bead on a loop of platinum wire. 

Tungstate of Soda, NajW0^.2Aq., may be recognised by 
ising it with a bead of borax, to which the tungstic acid 
nparts a pale-yellow colour in the outer flame, becoming 
adigo-blue in the inner flame. 

28 1 ■ The precaution recommended in (277) should be 
iken in order to avoid mistaking calcium for strontium. 

The chief compounds of strontium have been described 
t (67). 

282. Examples for Practice in Exercise XVI. (See 10.) 



ArseniouB ucid 
Chloride of ammonium 
Binoxide of tin 
Red lead 
Chloride of silver 
Oxide of antimony 
Oxide of nickel 
Chloride of barium 
Carbonate of lime 
Calomel 
Oxide of zinc 
Oxide of copper 



Colcothar (peroxide of iron) 
Oxide of bismuth 
Binoxide of manganese 
Oxide of c6balt 
Nitrate of stroniia 
Nitrate of potash 
Carbonate of soda 
Lead containing silver and 

copper * 
Oxide of chromimn 
Alum 
Sulphate of magnesia. 



* Obtained hj melting a pound of lead in a crucible with a little 
orax, dissolving a hhilling in it, casting the alloy into a thin plate, on a 
^one, and cutting it up into fragments. 
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NOTES TO TABLE W. 

28S* In performing this test, it is seldom requishe to 
apply the blowpipe flame. The tube should be hekt, as 
represented in tig. 88, in the lower part of an ordinary 
flame*. 

Bisulphate of potash, when raised to a moderately high 
temperature, evolves vapour of sulphuric acid. The analyst 
should familiarize himsolt* with the smell of the vapour 
obtained by heating the bisulphate of potash, before proceed- 
ing to draw a conclusion from this test. 

The action of the bisulphate of potash is due to its power- 
fully acid character, which enables it to expel acids fi:oin 
their compounds, at a high temperature, much in the same 
way as strong sulphuric acid itself. 

286. If a little black oxide of manganese or nitrate of 
}>otash be mixed with the bisulphate of potash and the 
suspected chloride, it will evolve chlorine itself on applying 
heat, which may be recognised by its odour and its power of 
bleaching test-papers. 

The following blowpipe test is also sometimes employed 
for the detection of a chloride : — 

Make a bend of metaphosphate of soda by fusing micro- 
cosmic salt (phosphate of soda and ammonia) in a loop of 
platinum wire, as in the borax-bead test ;* take upon this 
some black oxide of copper, and fuse it in the outer flame of 
the blowpipe. The bead has a dark-blue colour, and does 
not impart any blue or green colour to the outer flame when 
held in the inner flame. If a small quantity of a chloride be 
taken up on the hot bead, it will colour the outer flame green 
or blue, when held in the inner flame, in consequence of the 
formation of chloride of copper. Sulphate of copper may be 



* The loop should be made doable to enable the microcosmic salt to 
hang to it better while being fused. 
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substituted for the oxide, but the colour is then usually 
limited to a bright-blue halo immediately around the bead. 
Bromides and iodides would produce a similar result, but 
they would evolve bromine and iodine, respectively, when 
fused with bisulphate of potash. 

The description of the principal chlorides will be found on 
referring to the index. 

287> If a little chloride of sodium (common salt) be 
added to the mixture of bisulphate of potash with the sus- 
pected nitrate, chlorine will be evolved, and may be recog- 
nised by its peculiar odour and power of bleaching test- 
papers. 

If a nitrate is heated upon charcoal, it causes vivid com- 
bustion (deflagration). 

All nitrates except those of potash, soda, and ammonia, 
evolve, sooner or later, brown vapour of nitric peroxide, with 
its peculiar odour, when heated in a tube, by themselves. 

The description of the principal nitrates will be found on 
referring to the index. 

The ordinary saltpetre of commerce contains chlorides of 
potassium and sodium, and therefore evolves some chlorine 
when heated with bisulphate of potash. 

288. The carbonates are of course far more easily re- 
cognised by their eflfervescence when moistened with hydro- 
chloric acid in the coloured flame test (244). 

288. The odour of hydrofluoric acid, is far more pain- 
fully pungent than that of hydrochloric acid. 

On breathing upon the mouth of the tube, a little opaque 
silica is deposited on the glass, from the decomposition, by 
moisture, of fluoride of silicon resulting from the action of 
the hydrofluoric acid upon the silica in the glass. 

The corrosion of the tube is indicated by its peculiar 
greasy appearance, but can only be fully seen afler the tube 
has been well washed and dried. 

Fluor-spar (fluoride of calcium) and kryolite (fluoride of 
aluminium and sodium) are the only fluorides commonly met 
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with in blowpipe analysis, and hare been described at (59) 
and (89). 

290« It must be remembered that cblorine would also 
be evolved from a chloride mixed with some oxidizing agent 

(287). 

Chlorates, heated on charcoal, cause vivid combustion 
(deJUii/ration). 

The chlorates, when moderately heated by themselves, in a 
small tube, evolve oxygen, recognised by its power of accele- 
rating the combustion of a spark at the end of a match when 
held in the mouth of the tube. 

The only chlorates at all commonly met with, those of 
potash and baryta, have been described at pp. 70 and 58. 

Hypochlorite of lime, the only hypochlorite likely to be 
met with, has been described at p. 62. 

281. Any doubt about the presence of iodine could be 
set at rest by exposing to the vapour a piece of cotton or 
paper which has been starched; this would be coloured 
intensely blue by the iodine, if previously moistened. lodhie 
itself would be recognised by heating it in a tube, when it 
would fuse and be entirely converted into violet vapour, 
condensing in black shining scales on the side of the tube. 
The principal iodides will be found on referring to the index. 

282. If a piece of moistened starched paper or cotton be 
exposed to the vapour of bromine, it acquires a fine yellow 
colour. 



TABLS Z. 
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Table 

t. Heating in small tube for Non-metals 

and Acids, 



onours are 
)a without 
lization. 


Either solphnric, hydrochloric, nitric, or 
oxalic acid is probably present (294). 


sof ion takes 


Presence of some organic matter ; perhaps 
tartaric or acetic acid (295). 


uiA vapour$ . 


Presence of nitric acid (296). 


. d/rops of 
ir condense 
e sides of 
be. 


Presence of sulphnr or a sulphide (297). 


apoura. 


Presence of iodine (298). 


5n is evolved, 
ig with a 
lame. 


Presence of a cyanide (299). 


is evoWed 
■ekindles a 
on the end 
latch. 


Presence of a chlorate, a nitrate, or some 
easily decomposed metallic oxide (300). 



NOTES TO TABLE 



, The sulphates are affected by heat in very different 

ites of potash, soda, baryta, strontia, lime, magnesia, 
, would not yield acid vapours in this experiment. 
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Bisulphates of potash and soda give strong fnmes of sal' 
phuric acid. 

Sulphate of ammonia evolves sulphurous and sulphtiric 
acids, and is entirely dissipated by heat. 

Sulphate of iron evolves sulphurous and sulphuric acids, 
leaving a red residue of peroxide of iron. 

The sulphates of alumina, zinc, manganese, nickel, cobalt, 
and copper require a much higher temperature to decompose 
them, and evolve chiefly sulphurous acid. 
' 295, If tartaric acid be present, a peculiar smell, like 
that of burnt sugar, is evolved. The acetates also evolve an 
odour of acetone, which is rather pleasant. 

The tartrates and acetates of potash, soda, baryta, strontia, 
and lime, when heated, leave a residue composed of charcoal 
mixed with a carbonate, which effervesces with acids, and in 
the cases of potash and soda, is very strongly alkaline. 

296. Thenitrates of potash and soda do not evolve acid 
vapours when heated. Nitrate of ammonia is extremely 
fusible, and is entirely dissipated by heat. 

The other nitrates evolve broi/«n acid vapours when heated. 
Nitrate of silver requires a high temperature for its decom- 
position. 

297. The smell of sulphur would be perceived here. 

: The only common sulphides which give off sulphur when 
heated in a tube are iron pyrites and copper pyrites 

298. The smell of iodine is characteristic. 

I Indigo blue also gives off violet vapours when heated. 
i Iodide of lead is the only common iodide which evolves 
iodine vapour when heated in a tube. 

299. The smell of cyanogen is very pecidiar. 

This gas should bum with a pink flame on approaching the 
mouth of the tube to a light. 

Cyanides of mercury and silver are the only ordinary cya- 
nides which evolve cyanogen when heated. 

300. Chlorates yield oxygen more abundantly and at a. 
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temperature than the nitrates, and both salts fuse before 
joing decomposition. 

! metallic oxides would not fuse before evolving oxygen, 
►rincipal metallic oxides which give off oxygen when 
, are black oxide of manganese, red lead, oxide of 
ry, oidde of silver. 



Table T. 

1. Detection of Non-metals and Acids on 
charcoal before the blowpipe. 



ate8 

T€Ue8 


Deflagrate, that is, cause vivid combustion of the 
charcoal. 


Mdes 


Evolve the odour of sulphurous acid when roasted 

alone in the outer flame. 
Yield a brown fused mass with carbonate of soda 

in the inner flame. 


ates 
ztes 


Yield with carbonate of soda a bead of glass 
which is not absorbed by the charcoal (242). 
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NOTES TO TABLE Z. 

303. As this test depends upon the formation of sulphide 
of sodium, any compound containing sulphur would furnish 
the same result, so that the analyst, before concluding that 
the substance under examination is a sulphate, must take its 
general characters into consideration. 

The presence of sulphide of sodium in the fused mass is 
detected with greater delicacy by dissolving it, on a crucible- 
lid or in a small capsule, in a few drops of water, and adding 
a little nitroprusside of sodium, Na,FeN05CN, which giyes 
a fine purple colour. 

The following is also a delicate blowpipe test for sulphur. 
Make a small bead of pure carbonate of soda on a platinum 
loop (269), and take successive portions of pare silica upon 
it, until the fused bead remains transparent after cooling. 
The bead should now remain colourless even when heated in 
the reducing flame, but if a particle of a substance containing 
sulphur in any form be added to it, it will assume a brown 
yellow colour in the reducing (inner) flame^ due to the 
formation of sulphide of sodium. 

In very exact analysis, a gas-flame must not be employed 
in testing for sulphur, since this element is always present in 
coal-gas, and is absorbed from the flame by the carbonate of 
soda. The flame of a spirit or oil lamp is free from sulphur. 

304. This test requires some patience, since it is neces- 
sary to repeat the addition of silicic acid many times in order 
to obtain a transparent glass of silicate of soda. The glass 
is often coloured yellow by the presence of a little sulphide 
of sodium (see 303). 

Boracic acid would also render a bead of carbonate of soda 
transparent, but the following test will prevent mistakes. 
Make a bead with microcosmic salt (286), which is perfectly 
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transparent. The bead thus obtained will dissolve nearly 
every other substance but silica, so that particles of that 
substance may be seen floating about undissolved in the 
fused bead. 

305. This extremely delicate test for boracic acid depends 
upon the production of fluoride of boron, by the action of the 
hydrofluoric acid resulting from the decomposition of the 
fluor-spar by the bisulphate of potash. The fluoride of 
boron tinges the outer flame green. If much sodium be 
present, the green colour is not easily perceived. 

If a platinum wire be moistened with glycerine and a 
powdered borate be taken upon it, a distinct green tinge will 
be imparted to the flame when the glycerine is kindled. The 
presence of sodium does not prevent the colour from being 
seen. 

Borax (biborate of soda) would be easily recognised by 
its behaviour when heated on a loop of platinum wire. 

306. In this test, the phosphoric acid set free by the 
action of sulphuric acid is deoxidized by the flame, and the 
vapour of phosphorus which is produced imparts the 
peculiar livid tinge to the outer flame. 

This test does not give a satisfactory result when much 
sodium is present* 

If a compound containing phosphoric acid be heated in A 
tube (17) with a little metallic magnesium, and the mass, 
after cooling, be moistened with water, the peculiar fishy 
odour of phosphoretted hydrogen will be perceived. 

The following is the most conclusive blowpipe test for 
phosphoric acid. 

Mix the compound to be tested with two or three parts of 
dried boracic acid, and fuse it in a cavity scooped in charcoal 
Thrust into the melted mass about half an inch of very thin 
iron wire (of which twelve inches weigh one grain) and heat 
it for two or three minutes in a powerful reducing flame. H 
phosphoric acid be present, a hard silvery brittle metallic 
globule of iron containing phosphorus will be formed, which 
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racted from the fused mass by wrapping it in 
md striking it with a hammer upon the anvil. 



SAMPLES FOB PRACTICE TN EXERCISE XVII. (10). 



)f sodium 
; of soda 
if potash 
i of potash 
riead 

)f mercurjr 
lite 8and) 
of barjta 



Nitrate of potash 

Fluor-spar 

Iodide of potassium 

Acetate of lead 

Iron pyrites 

Sulphide of iron 

Boracic acid 

Phosphate of lime (bone ash). 
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ALPHABETICAL LIST OF THE PRINCIPAL 
TESTS OR REAGENTS. 

308. Acetate of Lead, or Plumbic Acetate, Pb2C,fl,0^ 
may be obtained at oil and colour shops as sugar of 2ead.(U). 
One oiince is sufficient. To prepare the solution, shake lialf 
an ounce with five measured ounces of distilled or rain iivater, 
until dissolved, with exception of a little white carbonate of 
lead which may be filtered off. 

Scraps of lead partly covered with vinegar, in an open 
bottle, ivill give a solution of acetate of lead in the couse of 
a few hours. 

AceteUe of Lead is a test for 

Sulphuretted hydrogen . . Black precipitate (97) 

Chromic acid Yellow precipitate (120) 

Iodides Yellow precipitate (93). 

308. Acetic Acid, C,H^0„ is the acid of vinegar, and is 
sold by druggists in a diluted state (149). Four ounces will 
suffice. It must not give any precipitate when mixid with 
excess of ammonia (5) and sulphide of ammonium. 

By boiling vinegar with powdered wood-charcod, and 
filtering it, or much better, by distilling vinegai (227), 
acetic acid may be obtained sufficiently pure fir most 
purposes. 

310* Alcohol, C^H^O, of sufficient strength for )rdinar7 
use is sold as spirits of wine. The methylated spiritia manh 
cheaper, and answers for most of the uses of alcoh>l (209, 
210). Four ounces (or a gill) will suffice. 

311. Ammonia, ^H,, is sold by the druggists as tqwr 
ammoniag or hartshorn, prepared by absorbing ammoniaca gas 
in water (75). Eight ounces should be provided. 

It must not give any precipitate with oxalate of ammmia 
(indicating lime), and very little, if any, with chloridi of 
calcium (indicating carbonate of ammonia). 
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Ammonia is a test for 

• 

Copper Bright blue colour (26) 

Nickel . .^ Violet blue (48) 

Iron (as peroxide) .... Red brown precipitate (45) 
Mercury (as a mercurous salt) Grey precipitate (13). 

312. Antimoniate of Potash, or Htdropotassic Metak- 
TiMONiATE, KjHjSbjO,, can be obtained only from the operative 
chemist (39). Two drachms of the salt should be boiled with 
five measured ounces of distilled or rain water, in a flask, for 
a few minutes, and filtered. A drop of the solution stirred 
with a drop of carbonate of soda upon a slip of glass (fig. 27) 
should give a distinct precipitate upon the lines of friction. 

313. Bicakbonate of Soda, or Hydrosodic Carbonate, 
NaHCO,, is sold by the druggist under the name of carbonate 
of soda, in the form of powder (80). One ounce should be 
placed in the bottle, and shaken with eight measured ounces 
of cold distilled or rain water. 

Bichloride of Mercury ; see Perchloride of Mercury. 

314. Bichloride of Platinum, or Platinic Chloride, 
PtCl^, (also called chloride and perchloride of platinum and 
muriate of platina,) may be obtained from the operative 
chemist, generally in the form of a solution in water. It is 
expensive. Half an ounce will sufiSce. It should give a well 
marked precipitate when stirred upon a slip of glass with a 
drop of a moderately strong solution of nitrate of potash (76). 

To prepare bichloride of platinum, dissolve 10 grains of 
scrap platinum (or old platinum foil) in a flask, by gently 
heating it with two measured drachms of strong hydrochloric 
acid, and half a drachm of strong nitric acid. Pour the 
solution into a dish, and evaporate it at a gentle heat 
(fig. 30) till it becomes a syrup which solidifies on cooling. 
Dissolve this in an ounce and a half of distilled or rain 
water. 

315. Bichromate of Potash, or Potassic Bichromate, 
K,0.2Cr03, is sold by the operative chemist in crystals (61). 
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Half aD ounce of the crystals may be dissolved in eigbt 

measured ounces of hot distilled water. 

» 

316. BiSULPHATE OF POTASH, Or HyDROPOTASSIC SULt»HATE, 

KIISO^, is sold in a crystalline form by the operative chemist 
(77). It is only required for blowpipe analysis. One ounce 
ivill suffice. It is generally made in the laboratory from the 
residue led in preparing nitric acid. 

317. BoNE-Asu is made by burning bones white in a 
clear fire, and grinding the ash to a fine powder (56). It is 
sold by the operative chemist, and is only required for blow- 
pipe analysis. 

318. BoRACic Acid, H^BO,, is generally sold by the 
operative chemist in the crystallized form (117). It is only 
used in blowpipe analysis. Half an ounce of the crystals 
should be dried in an evaporating dish placed in an oven or 
over a low flame, and reduced to powder. 

318. Borax, Na,0.2B,0,, is sold at the oil-shops in 
crystals (80). An ounce of the crystals should be heated in 
an evaporating dish, over a moderate flame, till the spongy 
mass ceases to swell up and evolve steam, when it should be 
reduced to powder. 

320. Carbonate op Ammonia, or Ammonig S£SQUI- 
CARBONATE, 2(NH^),0.3CO,, is sold, under the former name, 
by the druggist, in white lumps (75). Two oimces of 
the salt should be reduced to powder, and shaken, in the 
bottle, with six measured ounces of cold distilled or rain 
water. 

321. Carbonate of Soda, or Sodic Carbonate, Na,CO„ 
is best obtained, for use in analysis, from the bicarbonate of 
soda commonly sold as a white powder under the name of 
Carbonate of Soda (80). This should be heated in an 
evaporating dish over a Bunsen burner (fig. 35) for a quarter 
of an hour, so as to drive off half its carbonic acid. After 
cooling, one ounce of the carbonate may be dissolved in bbx 
measured ounces of distilled or rain water. The solution, 
.when acidulated with dilute nitric acid, should give no fire- 
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cipitate with nitrate of baryta (indicating sulphate of soda), 
Dr nitrate of silver (indicating chloride of sodium). 

322. Chloride of Ammonium, or Ammonic Chloride, 
NH^Cl, is sold under the names of sal- ammoniac and muriate 
7/ ammonia, by the druggist. The crystallized salt is purer 
than the lumps obtained by sublimation, which are coloured 
brown by iron (75). 

Dissolve one ounce of the salt in eight measured ounces of 
warm distilled or rain water. 

Chloride of Ammonium is a test for 
Platinum Yellow granular precipitate. 

323. Chloride of Barium, or Baric Chloride, BaCl,, is 
Bold by the operative chemist, as muriate ofharytes, in crystals 
(65). The solution is made by dissolving half an ounce of 
the salt in five measured ounces of distilled or rain water. 

324. Chloride" of Calcium, or Calcic Chloride, CaCl,, 
may be obtained from the operative chemist either in crystals, 
or more commonly in white lumps of dried chloride of calcium 
(69). One ounce may be dissolved in four measured ounces 
of distilled or rain water for use as a test. 

Chloride of calcium is easily made by adding chalk, or 
whitening, or marble, to dilute hydrochloric acid, as long as 
it is dissolved, boiling the solution till it no longer reddens 
blue litmus paper, and filtering. 

325. Chloride of Lime may be purchased at the oil- 
shops. If good, it is a dry powder which has a strong smell 
like chlorine, and gives off much chlorine when mixed with 
dilute sulphuric acid. To make the solution for testing, one 
ounce of the chloride is rubbed down in a mortar with eight 
ounces of water, and filtered. 

326. Chlorine Water is made by passing chlorine gas 
into water. A small' qiiantity may be quickly made by pour- 
ing the gas into a test-tube half full of water, and shaking 
•violently after closing the tube with the thumb. By pouring 
-the gas in three or four times, strong chlorine water may be 
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made in two or three iiiiniit6& The gms is prepared bjgentlj 
warming black oxide of manganese widi strong hjdrochkrie 
acid, in a test-tabe or flask. 

326a. CoppEB. Thin sheet copper in pieces about balf 
an inch long and an eighth wide ; or pieces of copper wire 
may be used ; it may be brightened bj immersion in nitric 
and washing. 



Copper (when boiled in a solntion acidified with hydrochloric add) 

is a test far 

Mercury Bright rilTery coating (30) 

Aneoic Dark grey „ (33) 

AntimoDy ...... Parpiish „ (32) 

Biamoth Ugut grey „ (28). 

327. Cyanide of Potassium, or Potassic Cyanide, KCN, 
is sold by druggists in white lumps (77). These should be 
coarsely powdered in a mortar. Only small quantities should 
be kept in powder in a well-closed bottle. It is very 
poisonous. 

Two ounces of cyanide of potassium will suffice for some 
time. 

328. Ether, C^H^^O, may be obtained from the druggist, 
and must be kept in a stoppered bottle (221). One ounce 
will suffice. Methylated ether is less expensive than pure 
ether, and should be employed when large quantities are 
required. 

328. Ferridcyanide of Potassium, or Potassic Ferbid- 
CTANiDE, KjFeCy,, is sold by the operative chemist in crystals, 
and is commonly called red prussiate of potash or ferricyanide 
of potassium (77). Half an ounce of the salt may be dissolved 
in five measured ounces of distilled or rain water. 

Ferridcyanide ofPotcusium is a test for 
Iron as a ferrous compound or protosalt . . Blue precipitate (45). 

330. Ferroctanide op Potassium, or Potassic Ferbo- 
CY AMIDE, K^FeCy,, is often obtainable from the oil and colour 
shops as yellow prussiate of potash, in crystals (77). For 
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testingy half an ounce of the salt maj be dissolved in five 
measured ounces of distilled or rain water. 

Ferrocyanide of Potassium is a test for 

Iron Blue precipitate (45) 

Copper Brown-i-ed precipitate (27). 

331. Htdrochloric Acid, HCl, maybe obtained from 
the druggist as a solution of hydrochloric acid gas in water 
(105). Its common name is nmriattc acid. It should be 
colourless, and strong enough to» emit iiimes in moderately 
damp air. Eight ounces of this acid should be provided. 

Dilute hydrochloric add is made by mixing the strong acid 
with twice its volume of distilled or rain water. 

The acid must give no precipitate with hydrosulphuric acid 
(indicating arsenic, chlorine, sulphurous acid, perchloride of 
iron) or with excess of ammonia (5) and sulphide of ammo- 
nium (indicating iron), or with much water and chloride of 
barium (indicating sulphuric acid). 

332. Hydropluosilicic Acid, or Silicofluoric Acid, 
H,SiF,, is sold by the operative chemist in a diluted state. 
One ounce will suffice. It must not give any precipitate with 
solution of nitrate of strontia (indicating sulphuric acid) even 
on stirring. 

333. Htdrosulphate of Ammonia, or Sulphide of 
Ammonium, (NH^)jS, may be obtained in solution from the 
operative chemist (75). It must not give any precipitate 
with sulphate of magnesia (indicating free ammonia). * Eight 
ounces of the solution should be provided, and must be kept 
in a well-closed bottle. 

Hydrosulphate of ammonia is easily prepared by passing 
hydrosulphuric acid gas (334) into solution of ammonia 
until it no longer gives a precipitate with sulphate of mag- 
nesia. 

334. Htdrosulphurig Acid, H^S, is prepared by passing 
sulphuretted hydrogen gas into water until the stopper of the 
bottle is forced up when the liquid is shaken. 
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Fragments of sulphide of iron (procurable from the opera- 
tive chemist) are placed in a half-pint bottle {b, 6g. 88), 
which is half filled with water. Strong sulphuric acid is 
poured down the funnel tube (/) in a few drops at a time, 
until the bubbles of gas pass freely through the wash-bottle 
(w) which contains a little water. The gas is then passed 
into the bottle (c), which contains the distiUed water to be 
charged with gas. Any gas which is not absorbed by the 
water passes into the bottle (d) containing solution of am- 
monia. This retains all the gas, and prevents it from con- 
taminating the air. When this ammonia has become saturated 
with the gas, so that it no longer precipitates sulphate of 
magnesia, it may be used as hydrosulphate of ammonia, but 
it will be long before this point is reached. 

About ten minutes are required to saturate the water in 
the bottle (c) with a brisk current of gas. 

The parts of this apparatus are connected by vulcanized 

India-rubber tubing, which may 
be obtained from the operative 
chemist 

Fig. 89 shows a simpler appa- 
ratus for preparing the solution 
of hydrosulphuric acid, but since 
there is no provision for absorb- 
ing the excess of gas, it can only 
be used in a fiime-closet with a* 
good draught. 



Fxo. 89. 




Hydrosulphurio add appan^tns. 
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Sydrosulphurie Acid is a test for 



Cadmimn . . Bright yellow precipitate in ammoniacal solution 

Antimony . . Red precipitate in acid solution (39) 

Zinc .... White precipitate in ammoniacal solution (53). 

335. Iodide op Potassium, or Potassic Iodide, KI, is 
sold in crystals by the druggist (77). It is sometimes called 
hydriodate of potash. Two drachms of the salt may be dis- 
solved in five measured ounces of distilled or rain water. 

Iodide oflhtassium is a test for 

J , f Bright yellow precipitate, dissolved 

^*^ \ by boiling water (14) 

o'.i \ Pale yellow precipitate, whitened 

( by ammonia (12) 

Mereorj (ae a mercuric salt) j ^"^""^^^'l^J^' "^^^ ^'"^^^^ 

336a Iodine is procurable in the solid [form from the 
druggist (93). Five grains may be shaken with an ounce of 
water to prepare iodine-water. 

Iodine-water is a test for 
Starch Blue colour. 

337. Lime-water, CaH,0,, is sold by the druggist. It 
should turn reddened litmus distinctly blue. It is prepared 
by shaking freshly slaked lime with distilled or rain water, 
allowing the solution to settle in ^ ^^ell-closed bottle, and 
pouring off the clear liquid. 

338. Litmus Paper, both red and blue, may be pro- 
cured from the operative chemist. 

The colouring matter is made from a species of lichen, the 
BocceUa tinctorial and is sold in blue cakes made up with 
chalk or plaster of Paris. 

To make litmus paper, heat half an ounce of cake litmus 
with three measured ounces of distilled or rain water for half 
an hour, and filter the solution. To one half of it, add a 
little extremdy dilute sulphuric acid, on the end of a glass, 
rod, until it acquires a faint reddish tinge (by daylight). 
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Add the other half of the aolntion, and immerse, in the bine 
liquid, strips of white filter-paper, or better, of unsized draw- 
ing-paper. Hang them on a string to dry, out of the reach 
of acid fumes. Redden the remaining liquid faintly by stir- 
ring with the rod dipped in dilute sulphuric acid, and dye 
some more paper with the solution, to obtain red litmus 
paper. 

These papers fade when exposed to a strong light. 

338. MiCROCosMic Salt, NaNH^HPO^, is used only in 
blowpipe analysis, and may be obtained from the operative 
chemist. A very small quantity is used. 

340. MoLTBDATE OF Ammonla, NH^HMoO^ is sold by 
the operative chemist in crystals. It is an expensive salt 
Twenty grains may be dissolved in an ounce of distilled water 
for testing. 

Mciyhdate of Ammonia i$ a test for 

Pho^horic^id . . . . j «if^^"»j:si5tui)'"'* 

341. Nitrate of BiiRTTA, or Baric Nitrate, Ba2N0„ 
may be obtained in crystals from the operative chemist (65). 
Hidf an ounce of the salt may be dissolved in five measured 
ounces of distilled or rain water. 

Nitrate of Baryta t$ a teetfor 

Q 1 v«.j* -«:^ S Milky white precipitate insoluble in 

Sulphancacid . . . . | dilute nitric acid (102). 

342. Nitrate of Cobalt, or Cobaltous Nitrate, Co2N0,, 
is sold, commonly in solution, by the operative chemist (47). 
It is required for blowpipe analysis only. A very small 
quantity will suffice. 

343. Nitrate of Potash, or Potassic Nitrate, KNO^ 
is sold at the oil-shops as saltpetre (77). It should be kept, 
for use in analysis, in powder. 

344. Nitrate of Silver^ or Argentic Nitrate, AgNO,, 
may be obtained from the druggist, in crystals, in fused sticks 
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(lunar caustic) or in solution (12). Two drachms of the 
crystals may be dissolved in five measured ounces of distilled 
water. 

Nitrate of SUver is a test for 

i White precipitate insoluble in boil- 
Hydrochloric acid or chlorides < ing nitric acid ; soluble in ammo- 

( nia (105). 

I Yellow precipitate insoluble in nitric 

Hydriodic acid or iodides . . < acid. Whitened, but not dis- 

(, solved by ammonia (106). 

/ White precipitate, passing rapidly 

Hyposulphites through various sWies of yellow, 

J*^ *^ I red, and brown, finally becommg 

I black sulphide of silver. 

345. Nitric Acid, HN0„ may be obtained from the 
druggist (109). Eight ounces should be provided, and must 
be kept in a stoppered bottle. It should be nearly colourless, 
and should fume moderately when exposed to air. After 
dilution with much water, it should not give any precipitate 
with nitrate of silver (indicating chlorine) or with nitrate of 
baryta (indicating sulphuric acid). Excess of ammonia (5) 
followed by sulphide of ammonium should not produce any 
change in it. 

Dilute nitric acid may be made by mixing the strong acid 
with twice its volume of distilled or rain water. 

346. NiTROPRUSSiDE OF SoDiUM, NajFeNOCy^, may be 
procured in red crystals from the operative chemist. It is 
an expensive salt, very rarely required. A solution of it may 
be obtained by boiling ferrocyanide of potassium with diluted 
nitric acid till it ceases to give a blue precipitate with sulphate 
of iron, then adding an excess of carbonate of soda^ boiling, 
and filtering. The solution should give a fine purple blue 
colour with sulphide of ammonium. 

347. Oxalate of Ammonia, or Ammonic Oxalate, 
(NHJjCjO^, is sold by the operative chemist in crystals (75). 
Two <kachms of the salt should be dissolved in six measured 
ounces of distilled or rain water. 

348. Perchloride of Iron, or Ferric Chloride, Fe,CJ^, 
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is also called sesquichloride of iron and muriate of iron. It is 
obtained from the operative chemist in the state of solution 
in ¥rater (45). 

It may be prepared by dissolving iron (wire, nails, or 
filings) with the aid of heat, in a mixture of dilute hydro- 
chloric acid with one-fourth of dilute nitric acid, evaporating 
at a moderate heat till the liquid is syrupy, and diluting 

with water. 

Perchloride of Iron is a test for 

Ferrocjanides Dark-blue precipitate (77) 

o 1 , .J ( Blood-red sdlntion bleached by per- 

Sulphocyanides | chloride of merenry 

Tannic acid ) J Inky-black precipitate or colour 

Gallic acid i ' - • - ^ i (152, 153) 

Hyposnlphites | Red «)lution, soon becoming colour- 

348. Perchloride of Mercury, or Mercuric Chloride, 
HgCl,, is sold by the druggist in the solid form, as bichloride 
of mercury or corrosive sublimate (31). 

Two drachms of the salt may be dissolved in four measured 
ounces of water. 

Perchloride of Mercury is a test for 

Tin as a stannons compound ) -tr'i j.^ ^. „ ^^ • •* * /no\ 

orprotosalt .....{ ^ 1"^ or grey precipitate (23) 

Iodides Scarlet precipitate (93). 

349a. Permanganate op Potash, K^Mn^Og, is sold in 
solution as Condy's disinfecting fluid. The crystallized salt 
may be obtained from the operative chemist. Twenty grains 
of the salt may be dissolved in four ounces of water. 

350. Phosphate of Soda, or Htdro-disodic Phosphate, 
Na^HPO^, may be obtained, in crystals, from the druggist 
(80). Half an ounce of the salt may be dissolved in ten 
measured ounces of distilled or rain water. 

351. Potash, or Potassic Hydrate, KHO, is sold by the 
druggist both in solution as liquor potassa, and in the solid 
form as potassa fvsa in sticks (77). About eight ounces of 
the solution should be provided. One ounce of the solid 
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potash may be dissolved in eight measured ounces of distilled 
or rain water. 

The solution of potash should not effervesce strongly on 
adding an excess of hydrochloric acid (indicating carbonic 
acid). 

The acidified solution should give but a slight flocculent 
precipitate (alumina) on adding ammonia in excess. Hydro- 
sulphate of ammonia added to this solution should give little, 
if any, dark tinge (indicating iron, lead, or copper). 

% 

Poikuih is a test for 

Mercury, as a mercuric salt . Yellow precipitate (31) 

SBlne precipitate, becoming black 
when boiled with excess of potash 
(27) 

^™r "rsalt^^"''' compound, | r^.^,^^ precipitate (45) 

Iron, as a ferrous compound, ( Dark green precipitate, becoming 
or protosalt { brown when exposed to air (45) 

ManMiifiM i ^^^^ precipiUte, becoming brown 

Manganese j when shaken with air (55) 

i^r. , I ) Pale green precipitate, insoluble in 

^^^^^^ J excess (49) 

Cobalt Blue precipitate (47) 

f Green precipitate, soluble in excess 
to a green solution, precipitated 
by boiling (61) 

Ammonia Odour of ammonia on boiling (75). 

352. Protochlobide op Tin, or Stannous Chloride, 
SnClj, should be prepared by boiling two drachms of tin with 
half a measured ounce of strong hydrochloric acid. 

The solution may be diluted with two ounces of water, and 
some metallic tin should be kept in it, to prevent it from 
becoming converted into stannic chloride by the combination 
of a portion of its tin with atmospheric oxygen. 

Tin is sold by the operative chemist in the granulated state, 
which is easily dissolved by hydrochloric acid. 

Tin-foil often contains lead. If this metal be present in 
the solution of protochloride of tin, it will give a precipitate 
with dilute sulphuric acid. 

q2 
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Protochlorlde of Tin is a test for 

Gold Purple-brown precipitate 

Platinum Bright red solution 

Mercury Grej precipitate (31). 

353. Starch, C^Hj^Oj. — A drachm of white starch is 
rubbed down in a mortar with a measured ounce of cold 
water. The mixture is poured by degrees into five ounces 
of boiling water in a dish. 

_ Starch is a test for 

Free iodine .... Blue colour (93). 

354. Sulphate of Copper, or Cdpric Sulphate, CuSO^, 
is sold at the oil-shops as blue copperas or hlue vitriol^ in 
crystals (27). Half an ounce of the salt may be dissolved in 
five ounces of water. 

355. Sulphate of Iron, or Ferrous Sulphate, FeSO^, 
also called protosulphate of iron, is sold at the oil-shops in 
crystals under the name of copperas or green vitriol (45). 
One ounce of the salt may be dissolved in four measured 
ounces of cold distilled or rain water. 

356. Sulphate of Lime, or Calcic Sulphate, CaSO^, is 
sold at the oil-shops as plaster of Paris (69). About a 
drachm of the powder may be heated with half a pint of 
water for some minutes, with occasional stirring, allowed to 
stand till cold, and filtered off. 

357. Sulphate of Magnesia, or Magnesic Sulphate, 
MgSO^, is obtained from the druggist as JSpsom Salts (9). 
One ounce of the salt may be dissolved in ^ve or six measured 
ounces of water. 

358. Sulphate of Manganese, or Manganous Sulphate, 
MnSO^ may be obtained in crystals from the operative 
chemist (55). One drachm of the salt may be dissolved in 
two oimces of water. 

Sulphate of Manganese is a test for 
Hypochlorites Dark-brown precipitate (91). 
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Sulphide of Ammonium ; see Hydrosulphate of Ammonia. 

359. Sulphuric Acid, H^SO^, is sold at the oil-shops as 
oil of vitriol, which is often of a dark brown colour, and unfit 
for use in analysis. By carefully boiling it in a flask it may 
be rendered nearly colourless, the organic matter to which 
the brown colour is due being oxidized by one portion of the 
acid. The flask must be allowed to cool before attempting to 
pour out the acid. 

It is advisable, if possible, to obtain the nearly colourless 
oil of vitriol from the druggist. It must be kept in a stop- 
pered bottle. 

Dilute Sulphuric Acid is made by pouring one measured 

ounce of oil of vitriol, slowly, with continual stirring, into 

four measured ounces of water in an evaporating basin, 

beaker, or flask (not in a measure or bottle). The mixture is 

allowed to cool, and the clear diluted acid poured off from the 

sulphate of lead which is usually deposited from the common 

acid. 

Strong Sulphuric Acid is a teat for 

Chlorates \ ^^ colour, and evolution of yellow 

r explosive gas (90) 
Iodides Violet vapours on heating (93). 

360. Tartaric Acid, C^H^O^, is sold in crystals by the 
druggist (158). One ounce may be dissolved in four measured 
oimces of water. 

361. Turmeric Paper may be obtained from the opera- 
tive chemist. Its yellow colour soon fades in a strong light. 

To prepare turmeric paper, gently heat one drachm of 
powdered turmeric (the root of Curcuma longa) in six mea- 
sured drachms of methylated spirit, till the solution has a 
bright yellow colour. Filter it, and dip white filter- paper or 
unsized drawing-paper into it. Hang the paper on a string 
to dry. 

362. Water. — ^If it can be procured, distilled water 
only should be employed in analytical operations. It should 
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be tested in the following manner, each test being performed 
upon a separate portion : — 

1. Evaporate a few drops upon a slip of glass ; scarcely a 

trace of solid matter should remain. 

2. Add Nitrate of Silver ; no turbidity (indicating chlorides 

or hydrochloric acid) should be produced. 
8. Add Chloride of Bariiun ; there should be no turbidity 
(indicating sulphates). 

4. Add Oxalate of Ammonia ; there should be no turbidity 

(indicating lime). 

5. Add Hydro:»ulphuric Acid ; there should be no dark 

tinge (indicating lead or copper). 

Rain-water, afler being filtered, may often be substituted 
for distilled water. 

Should neither distilled nor rain water be procurable, the 
analyst should test the common water as directed above, and 
make a careful note of the results, to be subsequently em- 
ployed in correcting his analysis. 

Common water may often be in great measure deprived 
of the lime and magnesia which it contains, by boiling it 
gently in a kettle for half an hour^ allowing it to cool, and 
filtering from the deposited carbonates of lime and magnesia. 

Any of the arrangements represented at pp. 156 — 159 may 
be employed for distilling water. 

363. Zing can be procured at the ironmonger's. Tbiu 
sheet zinc cut up into strips will be found very convenient. 

The operative chemist furnishes granulated zincj made by 
melting the metal in an iron ladle or earthen crucible, and 
pouring it, in a thin stream, into a pail of water, from a 
height of eight or ten feet. 
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Apparatus required for the Qualitative Analysis 

OF Single Substances. 

364. The following list includes the principal articles 
which are necessary for the identification of single sub- 
stances. 

They may be provided for ten or twelve shillings. 



12 test tubes 

Rack with drainiog pegs 

Tabe-cleaner 

Spirit lamp or gas-bnnier 

3 fannels : 2 oz., 1 oz., 4 <^ 

Filter-paper 

Slips of window-glais 

Glass rod 



Narrow hard glass tubing 
Blowpipe 
Triangular file 
Platinum wire and foil 
4 oz, evaporating dish 
Half-pint Wedgwood mortar 
Wire triangle 
Wire tripod or retort-stand. 



232 



APPfNDIX. 



H «M 



o 
d 

o 









c8 







s 



•a «•§ 

2.6 8, 

53 5 g 



s 

1 



I 



S 
S 

1 



s 



r 



I 1 









^ 



s 



X2 a 1 « B 
• 8<? is 



?5i i a 






\ 



I. 



.o 



1 
X 



INDEX. 



lTE of ammonia prepared, 
52 
copper, 25 
kad, Pb(CaH302)a, 
17 
yt for testing, 
216 
action of beat on, 121 
common, 121 
id, HCaHaOa, 121 
, confirmed, 121 
, detected, 117 
, for testing, 216 
, identified, 121 
ler, 121 
120 

identified, 151 
3tion, 22 
ours, 209 
;ected, 79 
, 144 
►rtar, 107 
, 142 

soluble, identified, 142 
extracted, 155 
or testing, 216 
dentified, 150 
eparated from water, 155 
identified, 151 
uste, 88 
reaction, 22 
\, general test for, 167 
identified, 132 

trome, 55 
tncentrated, 47 

acetate, 48 

bydrate, 46 

pboRphate, 97 

silicate, 47, 115 

sulpbate, 47 
e of soda, 48 



Aluminium and sodium, fluoride, 
85 
blowpipe test, 178 
common compounds of» 

47 
confirmed, 46 
detected, 39 
identified, 46 
Ammonia, NH^ 67 

acetate, 122 

„ prepared, 62 
alum, 47 
carbonate (NHJ^CO,, 

68 
common compounds of, 

67 
detection, 65 
for testing, 216 
bydrocblorate, NH^Cl, 

67 
bydiosulpbate, 

NH^HS, 68 
identification, 67 
iB excess, 9 
moiybdate, 224 
muriate, 67 
nitrate, 68 

oxalate (NHJaCjO^, 68 
sesquicarbonate, 68 
solution, 67 
sulpbate, 68 
test for, 227 
urate, 130 
Ammonic carbonate, (NH4).C0„ 68 
„ cbloride, NH^Cl, 67 
„ oxalate, (NH4)aCa04, 68 
„ sesquicarbonate, 68 
„ sulphide, (NH4),S, 68 
Ammonio-bydric sulpbide, 221 
Ammonium, 67 

blowpipe test, 178, 
189 
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Ammoniom, chloride, NH4CI, 67 
oommon compounds 

of, 67 
iulphide, (NH J,S, 68 
Amorphous phoepborus, 96 
Analyiia by blowpipe, 178 
„ liquid tesU, 5 

Anglesito (sulphate of lead), 18 
AnUine identified, 152 
oxalate, 152 
purple, 152 
„ red, 152 
Animal charcoal. 111 
Antimouiate of potash, KSbO,, 38 
Antimonic acid, 114 
Antimony and arsenic disting uished, 
32 
blowpipe test, 189 
chloride, 38 
oommon compounds of, 

37 
ooofirmed, 36 
crude, 37 
detected, 20 
flowers of, 37 
grey ore of, 37 
identified, 36 
in insoluble substances, 

114 
oxide, 37 

potassio-tartrate, 37 
sulphide, 87 
sulphuret, 87 

„ blowpipe test, 

190 
terchloride, 38 
teroxide, 37 
tersulphide, 87 
test for, 223 
vermilion, 87 
Apparatus, 231 
Aqaa-fortU, 94 
Argand burner, 82 
Argentic nitrate, 224 
Argol, 72 

Arseniate of soda, 84 
Arsenic acid, 34 

,, and antimony distin- 

'guished, 32 
„ bisulphide, 34 
„ blowpipe test, 178, 187 
,1 oommon compoundis of, 33 
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Arsenic confirmed, 30 
,, detected, 20 
„ expelled by roasting, 191 
„ identified, 33 
„ in ores, 190 
„ iodide, 34 
„ sulphide, 34 
„ tersulphide, 34 
„ white, 33 
Araenietted hydrogen, 32 
Arsenious acid, 33 

„ „ crystals, 30 

„ „ detected, 20 

„ ,y identified, 33 

,, ,, reduced, 188 

Arsenite of copper, 25, 33 
Astringent substances, 174 
AiMTwn musivttmf 85 

BANDAGE, caoujbchouc, 156 
Baric chloride, BaCL, 219 
„ nitrate, Ba(N0,)2, 224 
Barium, 57 

,, blowpipe test, 200 
„ carbonate, 57 
f, chlorate, 58 
„ chloride, BaCl,, 58 
„ chromate, 58 
„ common compounds 0^ 57 
„ confirmed^ 57 
detected, 56 
nitrate, Ba(NO,)s, 58 
sulphate, 57, 118 
Baryta» 58 

„ blowpipe test, 200 
„ carbonate, 57 
„ chlorate, 58 
„ chromate, 58 
,, confirmed, 57 
„ detected, 56 
„ hydrate, 58 
„ nitrate, Ba(NO,)y 58 
„ oxalate, 99 
„ sulphate, 57, 113 
,, ,, blowpipe test, 

200 
Barytes, 113 

„ muriate, 58 
Bases, organic, identified, 132 
Bending tubes, 160 
Benzoic acid, detected, 118 
„ identified, 124 



ft 



tf 



INDEX. 



235 



Benzioe, 154 


Blowpipe analysis, for non-metals, 


Benzole, 154 


204 


Benzonitrile, 124 


,, y, reduction on 


Biborate of soda, NajO,2B303, 77 
Bicarbonate of soda, NaHCO,, 75 


charcoal, 179 


„ detection of ammonium, 


„ ,, for testing, 


arsenic, mercury, 185 


217 


„ gas, 161 


Bichloride of mercury for testing, 


,, reduction of metals by, 


HgCl,, 217 


179 


1 , plati n am for testing, 


,, spirit, 161 


PtCl,, 217 


,, test in small tubes, 209 


Bichromate of potash, 55 


Blue carbonate of copper, 25 


„ „ for testing, 


,9 crystals, 25 


217 


,, flame, 69 


Bismuth, blowpipe test, 190 


,, fused mass, 112 


„ citrate, 128 


,, indigo, 137 


„ couimon compounds of. 


,, iodized starch, 143 


27 


,, litmus paper, 223 


„ confirmed, 26 


,, mass, with nitrate of cobalt. 


„ detected, 20 


186 


„ identified, 27 


,, Prussian, 44, 99 


,, nitrate, 27 


,, smalt, 45 


,, oxide, 27 


,, solution, 25, 45 


,, oxychloride, 27 


,, stone, 25 


„ tested for silver, 194 


„ Tumbuirs, 40 


,, trisnitrate, 27 


,, ultramarine, 88 


Bisuiphate of potash for testing. 


,, vitriol, 25 


KHSO,, 218 


Boiling, 7 


„ ,, in blowpipe 


Bone-asn, 52 


analysis, 


,, for oupellation, 218 


206 


Bone-black, HI 


,, „ test, 205 


Boracic acid, blowpipe test, 214 


Bisulphide of carbon iduntified, 155 


„ confirmed, 100 


Bitter almond oil, 154 


„ crystals, 101 


,, almonds, odour of, 125, 154, 


„ detected, 81 


Black borax bead, 197 


,, for testing, 218 


„ jack, 49 


„ identified, 101 


„ lead. 111 


„ Tuscan, 101 


,, oxide of copper, 26 


Borate of lime, 101 


„ „ iron, 43 


Borates, blowpipe test, 214 


,, „ manganese, 51 


,, detected, 81 


„ sulphide of antimony, 37 


„ on charcoal, 181 


Bleaching powder, 62 


Borax, Naa0.2B203, 77 


Blende. 49 


„ bead test, 182 


Blowpipe analysis, 178 


„ beads, 196 


„ „ borax bead test, 


,, blowpipe test, 214 


182 


„ for testing, 218 


,, ,, cobalt test, 184 


Boron, fluoride, 214 


„ „ coloured flame 


Boronatrocalcite, 101 


test, 183 


Brass, 192 


,, ,, detection of 


Brick, 115 


acids, 204 


Brimstone, 110 
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Briiiah gum, 148 

Bromides, blowpipe test, 208 

Bromine detected, 84, 91 . 

Bronae powder, 35 

Brown acid yapours, 209 
caramel, 187 
chromate of lead, 18 
colour with potash, 142 
ferrooyanide of copper, 99 
haroatite, 42 
oxide of lead, 17 
residue with nitric acid, 17 
vapours, 91 

Brucine detected, 132 
,, identified, 184 

Brunswick green, 26 

Bullets, shrapnel, 193 

Bunsen's burner, 63, 83 

Burnett's disinfecting fluid, 50 

Burnt sugar odour, 125 

Butyric acid identified, 151 
ether, 152 
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CADMIUM, test for, 228 
Caffeine detected, 188 
Caffeine identified, 138 
Calamine, 49 

,, electric, 116 
Calcic chloride, CaCL, 62 

,, sulphate, CaS04, 61 
Calcined magnesia, 12 
Calcium, 69 

blowpipe test, 200 
carbonate, 60 
chloride, CaCL^ 62 
common compounds of, 60 
detected, 56 
fluoride, 53 

„ blowpipe test, 
202, 207 
oxalate, 62 
phosphate, 52 

,, blowpipe test, 
201 
sulphate, CaSO^, 61 

„ blowpipe test, 
201 

,, sulphide, 88 
Calomel, 15 

Cane-sugar identified, 140 
Caoutchouc bandage, 156 
Caramel identified, 187 
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Carbazotic acid identified, 137 
Carbolic acid, 152 

„ „ identified, 188 
Carbon, 110 

„ identified, 104 
Carbonate of ammonia, (NHJ^CO,, 

68 
„ „ for testing, 

218 
,, ,, precipitate, 

56 
,, copper, 25 

„ lead, 17 

,, lime, 60 

„ magnesia^ 12 

„ soda, NajCOj, 75 

,, „ bead, 197 

M tt for testing, 218 

Carbonates, blowpipe te^t, 205 

,, common, 87 

Carbonic acid, detected, 79 
„ „ identified, 87 

,, oxide, identifisd, 99 
Carbonization by heat, 84 
Carmine flame, 200 
Caseine, 147 
Cast-iron identified, 41 
Caustic, 14 

,, potash, 71 
yf soda, 76 
Cawk,:113 
Celestine, 59, 118 
Ceroleine, 147 
Cerotic acid, 147 
Oetine, 147 
Chalcedony, 114 
Chalk, 61 
Char, 111 

Charcoal, animal. 111 
,, blowpipe, 179 
„ wood. 111 
Chili saltpetre, 76 
Chloral, hydrate, 138 
Chlorate of baryta, 58 
potash, 70 

„ blowpipe test, 
208, 210 
Chlorates, common, 86 

on charcoal, 182 
test for, 229 
Chloric acid, 86 

„ „ detected, 79 
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Chloric pei'oxide, 85 


Chromium oxide, 54 


Chloride, 


mercurous, 15 


„ test for, 227 


n 


of ammonium, NH^Cl, 67 


Cinchonine detected, 132 


>) 


,, for testing, 


„ „ in quinine, 




219 


135 


It 


,, use in ana- 


,, identified, 136 




lysis, 11 


,, sulphate, 136 


»> 


barium for testing, 


Cinnabar, 29 




BaCi,, 219 


Citrates, common, 128 "' 


)) 


calcium for testing, 


Citric acid detected, 118 




CaCIa, 219 


„ identified, 127 


)t 


lead, 18 


Classification of metals, 6 


>> 


lime, 62 


Clay, 47, 115 


»> 


„ for testing, 219 


Cleavage, 19 


ft 


mercury, HgClj, 15, 29 


Coal identified. 111 


ff 


silver, 14 


Coal-tar odour, 136 


it 


tin, 24 


Cobalt, 45 


Chloi-ides detected, 79 


,, blowpipe test, 197 


»> 


„ by blowpipe, 


,, confirmed, 45 




206 


,, detected, 39 


»> 


impurities, 91 


„ glance, 45 


>t 


test for, 225 


,, metallic, 45 


Chlorine confirmed, 91 


„ nitrate, CoCNOj),, 45 


)) 


detected, 79 


,, ores, 197 


) ) 


evolved, 17, 51 


„ oxide, 45 


19 


preparation, 220 


„ test for, 227 


»» 


water, for testing, 220 


,, test in blowpipe analysis. 


Chloroform, identified, 153 


184 


)) 


tested, 153 


Cobaltous nitrate, 224 


Chlorop 


icrine, 137 


Coke identified. 111 


Cholesterine identified, 145 


Colcothar, 43 


Chromate of lead, 17 


Coloured beads, 196 


»» 


potash, KoCr04, 55 


„ flames, 200 


Cbromates detected, 80 


„ flame test, 62 


Chrome alum, 55 


Common salt, 76 


ft 


ircn ore, 54 


Concentrated sulphuric acid,H.^S04, 


)f 


orange, 17 


229 


)) 


vellow, 17 


Condenser, 156 


Chromic acid^ 102 


Condy's disinfectant, 51 


»» 


,, detected, 80 


Copper, 24 


)) 


„ identified, 102 


„ acetate, 25 


»» 


„ test for, 216 


„ alloys, 192 


Chromium, 54 


,, arsenite, 25, 83 


»» 


blowpipe test for 197 


„ blowpipe test, 198, 200 


tt 


common compounds of. 


,, carbonate, 25 




54 


,, common compounds of, 25 


ti 


confirmed, 54 


,, confirmed, 24 


if 


„ by blowpipe, 


„ detected, 20 




197 


,, detected in lead, 194 


ti 


detected, 39 


,, detection by blowpipe, 191 


i> 


insoluble compounds, 


,, ferrocyanide, 99 




116 


„ glance, 26 
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Copper identified, 24 

„ meUlfl precipitated by, 220 
„ ore, grey, 192 
,, oxide, 26 

oxycbloride, 26 
pyrites, 191 
,, Bubozide, 26 
„ sulpbftte, CuSO^, 25 
„ fulphide, 26 
„ test for, 217, 221 
,, test for niiric acid, 93 
Copperas, 48 
Cork borers, 159 
Corks fitted, 160 

„ perforated, 159 
Corrosive sublimate, 29 
Coagbiog indicates succinic acid, 

120 
Cream of tartar, 71 
Crimson flame, 59 
Crocus, 43 
Crucible tongs, 1 05 
Crushing-mortar, 108 
Cryolite, 86 

Crystals fonned on cooling, 18 
Cupellation, 193 
Cupric oxide, 26 

„ sulphate, CUSO4, ^^^ 
Cuprous oxide, 26 

,, sulphide, 26 
Cyanide of mercury, 29 

„ analysis, 89 
potassium, commercial, 
KCN, 72 
for testing, 220 
in blowpipe 
analysis, 195 
Cyanides, common, 89 
,, detected, 81 
Cyanogen, 210 

detected, 81 
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TVEOANTATION, 21 
U Decrepitation, 18, 29, 53 
Deflagration, 70 
Deliquescence, 50, 62, 70 
Dextrine identified, 143 
Diamond, 110 

,, mortar, 108 
Dilute hydrochloric acid for test- 
ing, 221 
nitric acid for testing, 225 
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Dilute sulphuric acid or testioir, 

228 
Dinas fire-brick, 115 
Dish, evaporating, 82 
Disinfectant, Burnett's, 50 

,, Condy*8, 61 

Dissolving, 7 
Distillate, 157 
Distillation, 156 
DistUled water, 229 
Dolomite, 61 
Dropping- tube, 184 

EARTH EN WAEIE, 115 
EfiFervescence, 79 
Efflorescence, 75 
Electric calamine, 116 
Emery, 47 
Emulsion, 144 
Epsom ^alts, 12 
Essence of mirbane, 154 
Ether, caution in using, 146 
,, for testing, 220 
„ identified, 153 
Evaporating dish, 82 
Evaporation, 82 

„ on glass, 8 

„ on water-bath, 162 

Excess, meaning of, 9 
Explosion with stdphnric acid, 85 

FERRIC acetate, 122 
chloride, Fe^Cl^ 44 
citrate, 128 
oxide, 42 
„ salts detected, 40 
Ferridcyanide of potassium, 

K,FeCy^ 72 
.- „ potassium, for 

testing, 220 
Ferridcyanides detected, 88 
Ferrocyanide of calcium and potas- 
sium, 99 
, , potassium, 

K,FeCy„ 72 
Ferrocyanides detected, 98 
„ test for, 226 

Ferrooyanogen, 98 
Ferrous carbonate, 44 
iodide, 44 
oxide, 40 
salts detected, 40 
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Ferrous sulphate, FeSO^, 43 

,, sulphide, 43 
Fibrous gypsum, 61 
File, rat's-tail, 159 
raters, 8 
Filtration, 8 
Fire-brick, 115 
Fire-clay, 115 
Flake white, 27 
Flame, coloured, test by, 62 
Flask for distillation, 158 
Flint, 114 
Fluorescence, 135 
Fluoric acid, 85 
Fluoride of calcium, 53 
Fluorides, blowpipe test, 207 

,, detected, 79 
Fluorine, 85 

confirmed, 84 
detected, 79 
Fluor-spar, 53 

„ ,, blowpipe test, 202 
Focus of blowpipe flame, 191 
Formic acid detected, 118 

„ „ identified, 122 

French chalk, 116 
Frosted silver, 194 
Fructose, 141 
Fruit-sugar, 141 
Fuller's earth, 115 
Fulminate of mercury, 89 
Fumaric acid, 129 
Fumes, cause of, 84 
Fuming sulphuric acid, 90 
Funnel- tube, 158 
Fusing-point determined, 145 
Fusion of insoluble substances, 108 

n ALENA, 18 

IT Gallic acid detected, 118 
„ „ identified, 123 
„ „ test for, 226 

Garlic odour of arsenic, 33 

Gas-blowpipe, 161 

Gas-burners, 82 

Gas-carbon identified, 111 

Gauze-burner, 83 

Ge'atine identified, 143 

German tubing, 21 

Glacial phosphoric acid, 95 

Glance cobalt, 45 

Glass jet, 31 



Glass of borax, 78 

of metaphosphate of soda, 96 
rod, 10 
soluble, 78 
tubes bent, 160 
with carbonate of soda, 212 
Glauber's salt, 76 
Glucose identified, 140 
Glycerine identified, 162 
Gold, Mosaic, 35 

„ test for, 228 
Goulard's extract, 121 
Granulated zinc, 230 
Grape-sugar identified, 140 
Graphite, 111 
Green acetate of copper, 25 
Brunswick, 26 
carbonate of copper, 25 
flame, 97, 200 
fused mass, 112 
nitric acid, 94 
oxide of chromium, 54 
Scheele's, 25, 33 
solution, 24, 46, 52, 55, 7 2 
yitriol, 43 
Grey antimony ore, 87 

,, copper ore, 192 
G rough saltpetre, 70 
Gum identified, 143 

„ British, 143 
Gun-metal, 192 
Gunpowder, analysis of, 232 
Gypsum, 61 

blowpipe test, 201 
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H-ffiMATTTE, 42 
Hartshorn, 67 
Heating solids in air, 105 

,, in bent tube, 106 
,, in tubes, 21 
„ on platinum foil, 105 
Heavy spar, 57, 113 

„ „ blowpipe test, 201 
Hippurio acid detected, 118 
,, ,, identified, 124 

Hydriodate of potash, 73 
Hydriodic acid detected, 80 
„ ,, test for, 225 

Hydrobromic acid detected, 84 
Hydrochloric acid, HCl, 92 

„ detected, 79 
for testing, 221 
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HydrocUerio acid identified, 92 
„ „ precipitate, 13 

„ ,, test for, 225 

Hydrocjanic acid "confinned, 88 
,, „ delected, 81 

,, „ identified, 89 

Hydrodidodic phosphate, 226 
Hydrofernx^ynnic acid identified, 98 
Hydrofluoric acid detected, 79 

,, ,, identitie<i, 85 

H^'droflunsilicic acid for testing, 

2HF.SiF^, 221 
Hydrogen prepared, 31 

,, tested, 81 
Hydropotassic nietantimoniate, 217 

„ sulphate, 218 

Hydrosodic carbonate, 75 

„ „ for testing, 

217 
Hydrosulphate of ammonia, 

NH,HS, 
68, 221 
,, ,, precipitate, 39 

„ „ yellow, 68 

Hydroeulphooyanic acid, 89 
Hydrosulphuric acid, H^S, 221 

apparatus, 222 
confirmed, 87 
detected, 79 
for testing, 221 
identified, 87 
in excess, 9 
precipitate, 20 
„ prepared, 222 
„ test for, 216 
Hypochlorite of lime, 62 
Hypochlorites, test for, 228 
HypocblorouB acid confirmed, 86 

,, M detected, 81 

Hyposulphite of soda, 77 
Hyposulphites detected, 79 

ICELAND SPAR, 61 
Impalpable powder, 108 
Incandescence, 196 
Incense, odour of, 120 
Incrustation on charcoaf, 180 
Indigo, action of heat on, 137 
„ identified, 187 
„ reduced, 137 
Ink identified, 123 
Insoluble substances analysed, 104 
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Iodide of arsenic, 34 
lead, 18 
mercury, 29 
potassium for testing, EI, 
223 

Iodides, blowpipe test, 905 
,Y common, 87 
„ detected, 79 
,, test for, 225 
Iodine nonfirmed, 86 
„ detected, 79 
„ for testing, 223 
„ free tent for, 228 
„ identified, 86 
,, „ by blowpipe, 209 

,» vapour, 209 
„ water, 223 
Ii-on acetate, 122 
„ ammonio-citrate, 128 
„ and quinine citrate, 128 
„ as an impurity, 198 
„ bisulphide, 43 
„ black oxide, 43 
,, blowpipe test, 196 
„ carbonate, 44 
„ cast, identified, 41 
„ citrate, 128 
„ common compounds o^ 42 
,, confirmed, 40 
„ detected, 39 
» >i by blowpipe, 196 

,, ferrocyanide, 44, 99 
„ identified, 40 
„ iodide, 44 
„ magnetic oxide, 43 
,, muriate, 44 
„ perchloride, Fe,Clg, 44 
,, peroxide, 42 
,, phosphate, 97 
,, protosulphate, FeSOf, 43 
,, pyrites, 43 

,, sesquichloride, Fe^CI^, 44 
,, sesquiozide, 42 
,, silicate, 44 
„ slag, 44 
,, spathic ore of, 44 
„ specular, 42 
„ sulphate, FeS04, ^^ 
„ i, action of heat on, 198 
,, sulphide, 43 
„ sulphuret, 43 
„ tannate, 123 
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Iron, test for, 40, 217, 221 
,, tinned, 195 

, , wire for blowpipe analysis, 214 
,, wrought, identified, 41 

Ivory black, 111 

JET for burning gases, 31 
Joints for apparatus, 156 

KAOLIN, 115 
Kaolinite, 115 
Kryolite, 85 

,, identified, 85 

LACTIC acid identified, J62 
Lactide, 162 
Lactine identified, 141 
Lamp-black identified, 111 
Lamps, 82 
Lead, 16, 192 

acetate, Pb(C,Hg02)2, 17 
,, for testing, 216 
alloys, 193 
binoxide, 17 
blowpipe test, 189 
carbonate, 17 
chloride, 18 
„ chromate, 17 
,, common compounds of, 16 
,, confirmed, 15 
„ detected, 13, 20 
„ extracted from galena, 192 
,, identified, 16 
„ iodide, 18 
nitrate, 18 
ore, 192 
oxide, 16 
oxy chloride, 18 
peroxide, 17 
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„ phosphate, 98 

„ precipitated by sulphuric 

acid, 15 

,, red oxide, 17 

,, sugar of, 17 

,, sulphate, 18 

„ sulphide, 18 

, , sulphide in blowpipe analysis, 

192 

,, tartrate, 126 

„ test for, 223 

„ tested for copper, 194 

,, tested for silver, 193 



Lead tribasic acetate, 121 

„ white, 17 
Lemons, essential salt of, 73 
Levigation in blowpipe analysis, 181 
Liebig's condenser, 156 
Lime, CaO, 60 

,, blowpipe test, 200 

,, borate, 101 

,, carbonate, 60 

„ chloride, 62 

,, citrate, 129 

,, detected, 56 

„ hydrate, CaCH^O, 60 

,, hypochlorite, 62 

,, oxalate, 53, 62 

,, phosphate, 52 

,, ,, blowpipe test, 214 

,, ,, detected, 39 

,, slaked, 60 

,, sulphate, CaS04, 61 

,, „ blowpipe test, 201 

,, superphosphate, 52 

„ tartrate, 125 

„ water, CaO,HgO, 60 
Limestone, 61 

Liquids, unknown, examined, 169 
Ijiquor amm(mioSy 67 
Liquor potcuscBf 71 
Litharge, 16 
Lithates, 130 
Lithic acid identified, 129 
Lunar caustic, 14 

MAGNESIA, 12 
,, ammonio-phosphate, 53 
basic carbonate, 12 
calcined, 12 
carbonate, 12 
citrate, 129 

„ granulated, 129 
common compounds of, 

11 
detected, 5 
phosphate, 53 
precipitated by ammonia, 

11 
silicate, 116 
,, sulphate, MgSO^, 12 
Magnesian limestone, 61 
Magnesic sulphate, 12, 228 
Magnesite, 12 
Magnesium blowpipe test, 178 
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ICiigDefiom, oommon compounds of| 


Mercury detected, 13, 20 


11 


,, fulminate, 89 


,, detected, 5 


,, iodide, 29 


„ identified, 11 


„ nitric oxide, 29 


I^Talachite, 25 


„ oxide, 29 


Malmic acid, 129 


„ perchloride, HgCl^ 29 


Malic acid detected, 118 


,, protochloride, 15 


„ identified, 129 


,, protonitrate, 15 


MaUeability tested, 180 


„ red oxide, 29 


Manganate of potash, 52 


,, subcbloride, 15 


Manganese, 50 


„ sulphide, 29 


„ binoxide, MnO,, 51 


„ test for, 228 


black, 51 


Metals detected by blowpipe, 178 


„ blowpipe test, 196 


„ „ borax beads, 196 


„ common compoands of, 


,, „ coloured flames, 


51 


200 


„ confirmed, 50 


Metaphosphoric acid, 95 


„ „ by blowpipe, 


Methyhkted finish, 216 


197 


„ spirit, 150 


,, detected, 39 


Methylic alcohol identified, 50 


„ ore, 51 


Microcosmic salt, 96 


, , oxide, 51 


„ „ bead, 206 


„ sulphate, MnSO^, 51 


„ „ for testing, 224 


test for, 227 


MUkiness with water, 17, 26, 87 


Manganous sulphate, 51, 228 


Milk-sugar identified, 141 


Marble, 61 


Millon's test, 148 


Maish*s test for arsenic, 30 


Mine tin ore, 113 


Massicot, 16 


Minium, 17 


M.R examination, organic sub- 


Molybdate of ammonia for testing, 


stances for, 171 


224 


Meconic acid detected, 118 


Molybdate of ammonia test, 95 


„ identified, 128 


Morphine, acetate, 134 


Meerschaum, 116 


„ detected, 132 


Melting-point determined, 145 


„ hydrochlOTate, 134 
„ identified, 133 


Mercuric chloride, HgCl^ 29, 226 


„ compounds, 28 


„ meconate, 133 


,, cyanide, 29 


„ muriate, 134 


„ iodide, '29 


Mortar, 106 


„ oxide, 29 


Mosaic gold, 35 


„ sulphide, 29 


Murexide test for uric acid, 119 


Mercurous chloride, 15 




„ compounds, 15 


"\r APHTHALINE identified, 146 
il Narcotine detected, 132 


,, nitrate, 15 


Mercury, 15 


„ identified, 185 


„ acetate, 121 


Needle-like crystals, 16 


„ bichloride, HgCl^ 29 


Nickel, 45 


„ blowpipe test, 178 


„ blowpipe test, 196 


„ chloride, HgCl^ 29 


„ confirmed, 45 


„ common compounds of, 15, 


„ „ by blowpipe, 199 


28 


„ detected, 39 


„ confirmed, 28 


„ ores, 200 


„ cyanide, 29 


„ oxide, 46 
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Nickel speiBB, 200 


Organic acids, salts of, analysed, 120 


f, sulphate, 46 


}) 


bases identified, 132 


„ test for, 217, 227 


if 


liquids miscible with po- 


Nicotine identified, 151 






tasb, 152 


Nitrate, mercurous, 15 
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with water, 150 


Nitrate of baryta, BaCNOj),, 224 


»9 


„ not 


miscible with 


„ bismuth, 27 




hydrochloric acid, potash, 


„ . cobalt, Co(N03)„ 224 




or water, 


153 


lead, 18 


ti 


matter detected, 84 


„ potash for testing. 


»> 


solids tested, 137 


KNO3, 224 


}) 


substances defined, 84 


,, of silver, AgNOs, 14 


11 


substances, 


acid, 167 


„ ,, for testing, 224 
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ft 


bitter, 167 


Nitrates, action of heat on, 210 


f1 


ft 


dissolved by al- 


,, blowpipe test, 205 






cohol, 144 


,, on charcoal, 211 


It 


a 


dissolved by 


Nitre, KNO3, 69 






boiling 


„ blowpipe test) 207 






water, 142 


,, cubic, 76 


ft 


tt 


dissolved by 


Nitric acid, HNO„ 93 






cold water, 


,, confirmed, 93 






140 


,, detected, 80 


it 


ft 


dissolved by 


,, for testing, 225 






ether, 146 


,, identified, 93 


it 


)> 


evolving am- 


Nitrites detected, 93 






monia, 165 


Nitrobenzole, 154 


if 


tt 


for M.B. ex« 


Niiroprusside of sodium, 225 






amination. 


„ „ for testing, 






171 


225 


), 
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fusible, 165 


Nitrous acid, commercial, 94 


fi 


it 


identified, 137 


,, detected, 93 
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insoluble, 147 


Non-metals detected, 79 


ti 
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boiling 


•OCCLUSION of oxygen by silver, 
J 194 






water, 167 


it 


it 


insoluble in 


Octahedra of arsenious acid, 30 






cold water. 


Odours of organic acids, 120 






166 


Dil of bitter almonds, 154 


If 


it 


Uquid, 149 


,, vitriol, 90 


it 


it 


nitrogeuized. 


„ „ identified, 90 






165 


Oleic acid, 162 


it 


it 


soluble in po- 


Oleine, 162 






tash, 173 


Orange chrome, 17 


It 


ft 


sweet, 174 


Organic acid detected in alkaline 


y) 


ft 


unknown ex- 


solution, 119 






amination, 


,, ,, detected in aqueous 






164 


solution, 118 


,, 


I) 


volatile, 165 


,, ,, detected in inHoluble 


Original solution^ 5 




substance, 119 


Orpiment, 34 




,, acids detected, 118 


Orthophosphoric acid, 95 


,, ,, ,, by odour. 


Oxalate of ammonia, (NH4)2020^, 


120 




225 
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Oxalate of lime, 58, 62 
Oxalic add ooofinned, 99 

detected, 80 

ideotified, 99 
Oxidizing flame, 179 
Oxygeu evolved, 70 

PALMITIC acid ideotified, 145 
Palmitine identified, 146 
Paraffine identified, 147 
Peacock ore, 191 
Pearlash, 70 
Pearl white, 27 
Perchloride of iron, Fe^CI,, 225 

„ mercury, HgClj, 226 

Perforated oorka, 159 
Permanganate of potash, KMnO., 

51 
Peruvian saltpetre, 76 
Peitle and mortar, 106 
Pewter, 193 

Phenic acid identified, 188 
Phenole identified, 138 
Phosphate of lime detected, 52 
magnesia, 53 
magnesia and am- 
monia, 53, 97 
soda, NajHPO^, 77 
„ and ammonia, 96 
,, for testing, 2*26 
Phosphates, 96 

„ blowpipe test, 214 

Phosphorescence, 53 
Phosphoric acid, blowpipe test, 214 
,, confirmed, 94 
detected, 80 
identified, 95 
test for, 95 
tri basic, 95 
Phosphonis, amorphous, identified, 

96 
salt, 96 

,, vitreous, identified, 95 

Picric acid identified, 137 
Pig-iron identified, 41 
Pine-apple odour, 152 
Pink salt, 36 

solution, 45 

sulphate of mangancRe, 51 
Pipe- clay, 115 
Plaster of Paris, 61 
Platina, muriate, 217 
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Platinic chloride, PtC]4, 217 ■ 
Platinum, bichloride, PtCl^, 217 
capsule, 109 
chloride, PtCl^, 217 
corroded, 113 
foil, 108 

„ for fusing, 108 
test for, 219, 228 
wire cleaned, 183 
„ for borax beads, 182 
„ coloured flames, 
66 

Plumbago, 111 
Plumbic acetate, 216 
Porcelain, 115 
Potash, KHO, 71 
,, acetate, 122 
,, alum, 47 

,, antinioniate, KSbOj, 38 
,, bicarbonate, 71 
9, bichromate, E20,2CrO,, 55 
„ binoxalate, 73 
„ bisulphate, KHSO^, 71 
,, ,, blowpipe test, 205 

„ bitartrate, 71, 126 
,, ,, ^ blowpipe te8t,210 

,, carbonate, 70 
„ caustic, 71 
„ chlorate, 70 
,, chromate, 55 

common compounds of, 69 
for testing, KHO, 226 
hydrate, 71 
hydriodate, 73 
manganate, 52 
„ nitrate, KNO„ 69 
,, oleate, 73 
,, oxalate, 78 

,, permanganate, KMnO^, 51 
„ prussiate, 72 
,, red prussiate, 72 
,, silicate, 73 
,, solution of, KHO, 71 
„ sulphate, 71 
Potashes, American, 70 
Potaaaafutaf 71 

Potassic cyanide, KCN, 72, 220 
„ dichromate, 55, 217 
ferridcyanide, 72, 220 
ferrocyanide, 72, 220 
„ hydrate, KHO, 71, 226 
„ iodide, KI, 73, 223 
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Potaasic nitrate, KNO3, «9, 224 
Potassium, 69 

blowpipe test, 200 
carbonate, 70 
chloride, 71 
common compounds uf^ 

69 
cyanide, KCN, 72, 220 
detected, 65 
f erridcyan ide, K FeCy j, 

72, 220 
ferrooyanide, K^FeCy^, 
72, 220 
,, blowpipe test, 
202 
,, iodide, KJ, 73 

„ nitrate, KNO,, 69 

,, sulphate, 71 

„ sulphide, 87 

„ sulphocyanide, 89 

Powdering substances, 106 
Precipitate defined, 5 
„ washed, 21 

„ white, 29 

Precipitation promoted by stirring, 

10, m 
Prepared chalk, 61 
Preston salts, 68 
Protochloride of tin for testing, 

SnClg, 227 
Protosulphateofiron, FeSO^, 228 
Prussian blue, 40, 44, 99 

,, ,, test, 88 

Prussiate of potash, 72 
Prussic acid, 89 

„ detected, 81 

,, identified, 89 

Pulverization, 106 
Pumice-stone, 116 
Purple crystals, 55 
,, solution, 51 
,, vapours, 15, 82 
Putty powder, 113 
Pyrites, 43 

,, copper, 191 
,, iron, 43 
Pyrogallic acid identified, 141 
Pyrogalline, 141 
Pyroligneous acid, 121 
„ ether, 150 

Pyrolusite, 51 
Pyroxylic spirit, 150 



QUARTZ, 114 
Quicklime, 60 
Quicksilver, 15 
Quinine and iron, citrate, 128 
detected, 132 
identified, 135 
sulphate, 135 
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RAIN-WATER, 230 
Rat* 8- tail file, 159 
Reagents, 216 
Realgar, 34 
Red chlorosulphide of lead, 20 

chromate of lead, 17 

chromate of potash, 55 

colour with sulphuric acid, 142 

drops, 209 

flame, 59, 200 

haematite, 42 

iodide of arsenic, 34 

iodide of mercury, 29 

lead, 17 

litmus paper, 223 

mordant, 48 

nitroprusside of sodium, 225 

urpiment, 34 

oxide of copper, 26 
iriin, 42 
lead, 17 
mercury, 29 

phosphorus, 96 

precipitate, 29 

prussiate of potash, 72 

solution, 51, 55, 122 

sulphide of antimony, 37 
,, mercury, 29 

vapours, 79, 91 
Reducing flame, 179 
Reduction of metals on charcoal, 

179 
Reinsch's test for arsenic, 30 
Retort, 166 

,, stand, 82 
Ring gas-burner, 157 
Roasting before blowpipe, 191 
Rochelle salt, 127 
Rod, breaking and rounding, 10 
Roll brimstone, 110 
Rose gas-burner, 157 
Rosin identified, 145 
Rouge, jeweller's, 43 
Rust,- 43 



>» 



») 



»> 



246 



INDEX. 



»> 

»» 



SAIi-AMMONIAC, 67 
iSaliciiiti detected io quiniDe, 
185 
„ identified, 142 
Saliretine, 142 
Sal pruDella, 70 
Salt, 76 
„ cake, 76 
,, common, 76 
„ of lemons, 73 
„ of sorrel, 73 
„ of tartar, 70 
Saltpetre, 69 

,, flour, 70 

,, Peruvian, 76 

Sand, 114 

Scheele*s green, 25 , 33 
Selenite, 61 
Shrapnel bullets, 193 
Sifting, 107 
Silica, 114 

amorphous, 114 
detected, 101 

,, by blowpipe, 212 
soluble, 114 
Silicic acid, 1 14 

detected, 101 

„ by blowpi^, 
212 
separation from solu* 
tions, 101 
Silicates, common simple, 115 
„ detected, 101 
,, on charcoal, 211 
„ soluble, 102 
Silicium, 114 
Silicofluoric acid, 221 
SiHoon, 114 

„ fluoride, 85 
,, oxide, 114 
Silver acetate, 121 
„ blowpipe test, 189, 194 
„ chloride, 14, 91, 112 
„ ,, in blowpipe analy- 

sis, 194 
„ common compounds of, 14 
„ cyanide, 91 
„ detected, 18 
„ extracted from lead, 193 
Silver ferridcyanide, 98 
,, ferrocyanide, 98 
„ identified, 14 
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saver nitrate, A'^NO,, 14 

,, oxalate, 100 

„ precipitates distinguished, 91 

„ test for, 223 

„ tested for copper, 194 
Singed hair, odour o^ 120 
Slag, iron, 44 
Slaked lime, 60 
Slate, 115 
Smalt, 45 
Smelling salts, 63 
Smell of ahnonds, 120, 154 
burnt sugar, 1 25 
chlorine, 62 
gas, 146, 154 
incense, 124 
singed hair, 120 
„ tar, 152 
Soap, 78 

soda, 78 
soft, 78 
Soap-stone, 116 
Soda, acetate, 122 

„ alominate, 48 

„ arseniate, 84 

„ ash, 76 

„ biborate, Na30.2BjO^ 77 

„ „ blowpipe test^ 214 

„ bicarbonate, NaHOO^ 75 

„ carbonate, NagCO,, 75 

„ ,, dried, 218 

„ „ for blowpipe ana- 

lysis, 181 

„ caustic, 76 

„ chloride, 77 

„ crystals, 75 

„ hydrate, 76 

„ hyposulphite, 77 

„ ,, blowpipe test, 

203 

„ nitrate, 76 

„ ,, blowpipe test, 203 

„ orthophosphate, 77 

,, phosphate, Na^HPO^, 77 

„ silicate, 78 

,, stannate, 35 

„ sulphate, 76 

„ sulphite, 77 

,, tuDgstate, 78 

„ urate, 130 

„ waste, 88 
Sodic carbonate, 75, 218 
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Sodium, blowpipe test, 200 

carbonate, 75 

chloride, 76 

common compounds of, 75 

detected, 65 

flame deceptive, 202 

hyposulphite, 77 

impurity, 202 

nitrate, 76 

phosphate, 77 
' sulphate, 76 

sulphite, 77 
Soft soap, 73 
Solder, 193 

Solid unknown substances exa- 
mined, 169 
Soluble glass, 78 
Solution, 7 
i<oot identified, 112 
Spathic iron ore, 44 
Spatula, 106 
Specular iron ore, 42 
Speiss, 200 
Spelter (zinc), 48 
Spermaceti identified, 147 
Spirit-black, 111 
Spirit-blowpipe, 161 
Spirit-lamp, 7 
Spirit of wine, 150 
Spirting, prevention o^ 8'2 
Spongy flakes of sulphur, 29 
Stannate of soda, 35 
Stannic acid, 35, 113 
„ chloride, 36 
„ compounds, 35 
Stannous chloride, SnClj, 24, 222 

,, compounds, 24 
Starch for testing, 228 
identified, 142 
sugar, 140 
test for, 223 
Steam-bath for evaporation, 162 
Stearic acid identified, 145 
Stearine identified, 144 
Steatite, 116 
Steel identified, 41 
Stirring, 10 

rod, 10 

to promote precipitation, 
10,66 

Stoppers, India-rubber, 160 
Stourbridge clay, 115 
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Stream tin ore, 113 
Strong sulphuric acid, H^SO^, 229 
Strontia, carbonate, 59 
detected, 56 
nitrate, 59 
sulphate, 113 
Strontianite, 59 
Strontium, 58 

blowpipe test, 200 
confirmed, 58 
detected, 56 
Strychnine detected, 132 

,, identified, 134 

Sublimate corrosive, 29 
Sublimation, 124 
Succinic acid detected, 118 
,, „ identified, 124 

Sugar, 140 

copper test for, 140 
identified, 140 
of lead, 17 
Sulphate of copper, GuSO^, 25 

„ for testing, 228 
iron for testing, FeSO^, 

228 
lead, 18 
lime for testing, OaS04, 

228 
magnesia, MgS04, 12 
„ for testing, 

228 
manganese for testing. 
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zinc, 49 
Sulphates, action of heat on, 209 
blowpipe test, 212 
detected, 80 
impuritieP| 90 
insoluble, 113 
Sulphide of ammonium, (NH4)2S, 68 
„ for testing, 

221 
ammonium precipitate, 

39 
antimony, 37 
arsenic, 34 
copper, 26 
iron, 43 
lead, 18 
tin, 24 
zinc, 49 
Sulphides, action of heat oo, 210 
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Sulphides, common, 87 
detected, 79 

,, by blowpipe, 

213 
on cbarcoa), 211 
SulphiteH detecte<I, 79 
Solpbocyanides detected, 80 
„ test for, 229 

Sulphur, 110 

blowpipe test, 210 
crude, 110 
detected, 79 

,, by blowpipe, 210 
distilled, 110 
evolved, 210 

expelled by roasting, 191 
flowemof, 110 
identified, 110 
insoluble, 110 
milk of, 110 
precipitated, 110 
precipitation of, 11 
roll, 110 
Sicilian, 110 
soluble, 110 
sublimed, 110 
viscous, 110 
Sulphurets, common, 87 
Sulphuretted hydrogen apparatus, 

u2t2t 
identified, 

87 ^ 
precipitate, 

20 
prepared, 

221 
test for, 216 

Sulphuric acid, H^SO^, 90 

blowpipe test, 212 
detected, 80 
for testing, 229 
identified, 90 
Nordhausen, 90 
test for, 224 

Sulphurous acid confirmed, 89 
„ detected, 79 

„ evolved, 211 

Sulphydrate of ammonium, 221 

Superphosphate of lime, 62 

Sweet substances, 174 

Sweet taste, 17 

Sylvic acid, 146 
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TABLE A, page 5 
y, S, ... 13 

C, ... 20 

D, ... 39 

E, ... 56 

F, ... 65 

G, ... 79 
H, ... 80, 81 
I, .. 104 
K, ... 117 
L, ... 118 
M, ... 119 
N, ... 119 
O, ... 132 
P, ... 139 
Q, ... 149 
K, ... 178 
S, ... 189 
T, ... 196 
U, ... 200 
V. ... 204 
W, ... 205 
X, ... 209 
Y, ... 211 
Z, ... 212 

Tannic acid detected, 118 
„ identified, 123 

„ test for, 226 

Tannin, 123 
Tartar, cream of^ 71 
emetic, 37 

„ blowpipe test, 190 
salt of, 70 
Tartaric acid, HjC^H.O,, 125 
detected, 118 
for testing, 229 
identified, 125 
Tartrates, action of heat on, 210 

„ common, 126 

Test papers, :^23, 229 
„ ,, use of, 22 
,, tube, 7 

„ rack, 7 
Tests, 216 

„ addition of, 9 
Theine detected, 133 

,, identified, 133 
Thermometer, 156 
Tin, 23 
„ alloys of, 193 
„ before blowpipe, 196 
„ bichloride, 36 
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Tin bichloride with hydroohlorate 


Urea nitrate, 143 


of ammonia, 36 




„ binoxide, 35, 113 


Uric acid confirmed, 129 


,, bisulphide, 35 


„ detected, 119 


,, blowpipe test, 189 


„ identified, 129 


„ common compounds of, 24, 35 




,, confirmed, 23, 34 


TTALERIANIC acid, 162 
Y Verdigris, 25 


,, crystals, 24 


„ detected, 20 


Vermilion, 29 


„ ,, by blowpipe, 189 


„ antimony, 37 


„ foil, 227 


Vinegar, 121 


„ granulated, 227 


Violet flame, 69 


„ identified, 23 


Vitriol, blue, 25 


,, in insoluble substances, 113 


„ green, 43 


,, nitromuriate, 36 


,, identified, 90 


,, ore, 113 


„ white, 49 


,, persalts of, 35 




„ plate, 195 


"117 ASHING BOTTLE, 21 
VV Washing precipitates, 21 
W ashing-soda, 75 


,, protochloride, SnCl,, 24 


„ protosalts of, 24 


,, protosulphide, 24 


Water, HjO, 169 


„ pyrites, 24 


Water-bath, 162 


,, reduction on charcoal, 178 


Water for testing, 229 


„ salts of, 24, 35 


„ glass, 78 


,, stone, 113 


„ purification, 230 


„ test for, 226 


„ tested for impurities, 230 


Tmcture of iron, 44 


Wax, identified, 147 


Toluidine, 152 


White lead, 17 


Tongs, 105 


„ precipitate, 29 


Tiiangle, 105 


„ vitriol, 49 


Triple phosphate, 53, 97 


Wire triangle, 105 


Tube, blowpipe test in, 209 


Witherite, 57 


„ funnel, 158 


Wood-charcoal, 111 


,, German, 21 


Wood-naphtha, 150 


Tubes, bent, 160 


Wood -spirit, 151 


„ sealed, 21 




Tubulated retort, 156 


TT'ETiTiOWchromate of baryta, 58 
1 ,, „ potash, 55 


Tubulus, 156 


Tungstate of soda, blowpipe tiOBt, 


„ chrome, 17 


203 


„ flame, 200 


Tungstic acid detected, 78 


„ fused mass, 112 


Turmeric, 229 


„ iodide of lead, 18 


,, paper, 229 


„ „ mercury, 29 


Type-metal, 193 


ff orpiment, 34 




„ oxide of lead, 16 


TTLTRAMARINE, 88 

U University of London ex- 


„ oxychloride of lead. 


18 


amination, 171 


„ picric acid, 187 


Unknown liquid examined, 169 


,, prussiate of potash. 


„ solid examined, 169 


72 


Urates, common, 130 


„ sulphide of tin, 85 


Urea identified, 141 
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ZEOLITES, 102 
Zeolitio minerals, 102 
Zinc before blowpipe, 196 
blowpipe test, 178 
carbonate, 49 
chloride, 50 

common compounds of, 49 
confirmed, 48 
detected, 39 
glance, 116 
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Snc granulated, 31 
identified, 48 
lactate, 162 
oxide, 49 
gQicaie, 116 
sulphate^ 49 
sulphide, 49 
test for, 22^ 
white, 49 
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THE END. 
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